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ADVERTISEMENT. 


This  volume  forms  the  twenty-first  of  a  series,  composed  of  original  memoirs  on 
different  branches  of  knowledge,  published  at  the  expense,  and  under  the  direction, 
of  the  Smithsonian  Institution.  The  publication  of  this  series  forms  part  of  a  general 
plan  adopted  for  carrying  into  effect  the  benevolent  intentions  of  James  Smithson, 
Esq.,  of  England.  This  gentleman  left  his  property  in  trust  to  the  United  States 
of  America,  to  found,  at  Washington,  an  institution  which  should  bear  his  own 
name,  and  have  for  its  objects  the  "increase  and  diffusirm  of  knowledge  among 
men."  This  trust  was  accepted  by  the  Government  of  the  United  States,  and  an 
Act  of  Congress  was  passed  August  10,  1846,  constituting  the  President  and  the 
other  principal  executive  officers  of  the  general  government,  the  Chief  Justice  of 
the  Supreme  Court,  the  Mayor  of  'Washington,^and  such  other  persons  as  they  might 
elect  honorary  members,  an  establishment  under  the  name  of  the  "  Smithsonian 
Institution  tor  the  ibtcrease  and  DiFrusiON  of  knowledge  among  men."  The 
members  and  honorary  members  of  this  establishment  are  to  hold  stated  and  special 
meetings  for  the  supervision  of  the  affairs  of  the  Institution,  and  for  the  advice 
and  instruction  of  a  Board  of  Regents,  to  whom  the  financial  and  other  affairs  are 
intrusted. 

The  Board  of  Regents  consists  of  two  members  ex  offi,cio  of  the  establishment, 
namely,  the  Vice-Bresident  of  the  United  States  and  the  Chief  Justice  of  the  Supreme 
Court,  together  with  twelve  other  members,  three  of  whom  are  appointed  by  the 
Senate  from  its  own  body,  three  by  the  House  of  Representatives  from  its  members, 
and  six  persons  appointed  by  a  joint  resolution  of  both  houses.  To  this  Board  is 
given  the  power  of  electing  a  Secretary  and  other  officers,  for  conducting  the  active 
operations  of  the  Institution. 

To  carry  into  effect  the  purposes  of  the  testator,  the  plan  of  organization  should 
evidently  embrace  two  objects :  one,  the  increase  of  knowledge  by  the  addition  of 
new  truths  to  the  existing  stock;  the  other,  the  diffusion  of  knowledge,  thus 
increased,  among  men.  No  restriction  is  made  in  favor  of  any  kind  of  knowledge ; 
and,  hence,  each  branch  is  entitled  to,  and  should  receive,  a  share  of  attention. 
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Tiie  Act  of  Congress,  establishing  tlie  Institution,  directs,  as  a  part  of  the  plan  of 
organization,  the  formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art,  together 
with  provisions  for  physical  research  and  popular  lectures,  while  it  leaves  to  the 
Regents  the  power  of  adopting  such  other  parts  of  an  organization  as  they  may 
deem  best  suited  to  promote  the  objects  of  the  bequest. 

After  much  deliberatioUj  the  Regents  resolved  to  divide  the  annual  income  into 
two  parts — one  part  to  be  devoted  to  the  increase  and  diffusion  of  knowledge  by 
means  of  original  research  and  publications — the  other  part  of  the  income  to  be 
applied  in  accordance  with  the  requirements  of  the  Act  of  Congress,  to  the  gradual 
formation  of  a  Library,  a  Museum,  and  a  Gallery  of  Art. 

The  following  are  the  details  of  the  parts  of  the  general  plan  of  organization 
provisionally  adopted  at  the  meeting  of  the  Eogents,  Dec.  8,  1847. 


DETAILS    OP    THE    FIEST    PAET    OF    THE    PLAN. 


I.  To  INCREASE  Knowledge. — II  is  proposed  io  stimulate  research,  hy  offering 
reviards  for  orujinal  memoirs  on  all  subjects  of  investigation. 

1.  The  memoirs  thus  obtained,  to  be  published  in  a  series  of  volumes,  in  a  quarto 
form,  and  entitled  "Smithsonian  Contributions  to  Knowledge." 

2.  No  memoir,  on  subjects  of  physical  science,  to  be  accepted  for  publication, 
which  does  not  furnish  a  positive  addition  to  human  knowledge,  resting  on  original 
research;  and  all  unverified  speculations  to  be  rejected. 

3.  Each  memoir  presented  to  the  Institution,  to  be  submitted  for  examination  to 
a  commission  of  persons  of  reputation  for  learning  in  the  branch  to  which  the 
memoir  pertains;  and  to  be  accepted  for  publication  only  in  case  the  report  of  this 
commission  is  favorable. 

4.  The  commission  to  be  chosen  by  the  officers  of  the  Institution,  and  the  name 
of  the  author,  as  far  as  practicable,  concealed,  unless  a  favorable  decision  be  made. 

5.  The  volumes  of  the  memoirs  to  be  exchanged  for  the  Transactions  of  literary 
and  scientiGc  societies,  and  copies  to  bo  given  to  all  the  colleges,  and  principal 
libraries,  in  this  country.  One  part  of  the  remaining  copies  may  be  oiTercd  for 
sale;  and  the  other  carefully  preserved,  to  form  complete  sets  of  the  work,  to 
supply  the  demand  from  now  institutions. 

6.  An  abstract,  or  popular  account,  of  the  contents  of  these  memoirs  to  be  given 
to  the  public,  through  the  annual  report  of  the  Regents  to  Congress. 
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ADTEIiTISEMENT.  V 

II.  To  INCREASE  Knowledge, — It  is  also  propa'ied  to  appropriate  a  portion  of  the 
income,  anniially,  io  special  objects  of  researcli,  under  the  direction  of  suitahh 
persons. 

1.  The  objects,  and  the  amount  appropriated,  to  be  recommended  by  counsellors 
of  the  Institution, 

2,  Appropriations  in  different  years  to  different  objects;  so  that,  in  course  of  time, 
each  branch  of  knowledge  may  receive  a  share. 

3,  The  results  obtained  from  these  appropriations  to  be  published,  ^vith  the 
memoirs  before  mentioned,  in  the  volumes  of  the  Smithsonian  Contributions  to 
Knowledge. 

4.  Examples  of  objects  for  which  appropriations  may  be  made: — 

(1,)  System  of  extended  meteorological  observations  for  solving  the  problem  of 
American  storms. 

(2.)  Explorations  in  descriptive  natural  history,  and  geological,  mathematical, 
and  topographical  surveys,  to  collect  material  for  the  formation  of  a  Physical  Atlas 
of  the  United  States. 

(3.)  Solution  of  experimental  problems,  such  as  a  new  determination  of  the 
weight  of  the  earth,  of  the  velocity  of  electricity,  and  of  light;  chemical  analyses 
of  soils  and  plants;  collection  and  publication  of  articles  of  science,  accumulated 
in  the  offices  of  Government. 

(4.)  Institution  of  statistical  inc[uiries  with  reference  to  physical,  moral,  and 
political  subjects. 

(5.)  Historical  researches,  and  accurate  surveys  of  places  celebrated  in  American 
history. 

(6.)  Ethnological  researches,  particularly  with  reference  to  the  different  races  of 
men  in  North  America;  also  explorations,  and  accurate  surveys,  of  the  mounds 
and  other  remains  of  the  ancient  people  of  our  country. 


I.  To  DIFFUSE  Knowledge.— J(:  is  proposed  to  puhUsh  a  series  of  reports,  giving  an 
accouiit  of  Hie  neie  discoveries  in  science,  and  of  the  changes  made  from  year  to  year 
in  all  branches  of  hnoioledge  not  strictly  professional. 

1.  Some  of  these  reports  may  be  published  annually,  others  at  longer  intervals, 
as  the  income  of  the  Institution  or  the  changes  in  the  branches  of  knowledge  may 
indicate. 

2.  The  reports  are  to  be  prepared  by  collaborators,  eminent  in  the  different 
branches  of  knowledge. 
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3.  Each  collaborator  to  be  furnished  with  the  journals  and  publications,  domestic 
and  foreign,  necessary  to  the  compilation  of  his  report;  to  be  paid  a  certain  sum  for 
his  labors,  and  to  be  named  on  the  title-page  of  the  report. 

4.  The  reports  to  be  published  in  separate  parts,  so  that  persons  interested  in  a 
particular  branch,  can  procure  the  parts  relating  to  it,  without  purchasing  the 
whole. 

5.  These  reports  may  be  presented  to  Congress,  for  partial  distribution,  the 
remaining  copies  to  be  given  to  literary  and  scientific  institutions,  and  sold  to  indi- 
viduals for  a  moderate  price. 

The  following  are  some  of  the  subjects  vihich  may  he  emhraced  in  the  reports: — 

I.  PHYSICAL  CLASS. 

1.  Physics,  including  astronomy,  natural  philosophy,  chemistry,  and  meteorology. 

2.  Natural  history,  including  botany,  zoology,  geology,  &c 

3.  Agriculture. 

4.  Application  of  science  to  arts. 

II.  MORAL  AND  POLITICAL  CLASS. 

5.  Ethnology,  including  particular  liistory,  comparative  philology,  antiquities,  &c. 

6.  Statistics  and  political  economy. 

7.  Mental  and  moral  philosophy. 

8.  A  survey  of  the  political  events  of  the  world;  penal  reform,  &e. 

III.  LITERATURE  AND  THE  PINE  ARTS. 

9.  Modern  literature. 

10.  The  fine  arts,  and  their  application  to  the  useful  arts. 

11.  Bibliography. 

12.  Obituary  notices  of  distinguished  individuals. 

II.  To  DIFFUSE  Knowledge. — It  is  proposed  to  puUish  occasionally  separate  treatises 
on  subjects  of  general  interest. 

1.  These  treatises  may  occasionally  consist  of  valuable  memoirs  translated  from 
foreign  languages,  or  of  articles  prepared  under  the  direction  of  the  Institution,  or 
procured  by  offering  premiums  for  the  best  exposition  of  a  given  subject. 

2.  The  treatises  to  be  submitted  to  a  commission  cf  competent  judges,  previous 
to  their  publication. 
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DETAILS  01?  THE  SECOND  PART  OE  THE  PLAN  OE  OEftANIZATION. 

This  part  contemplates  the  formation  of  a  Library,  a  Museum,  and  a  Gallery  of 
Art. 

1.  To  carry  out  the  plan  before  described,  a  library  will  be  required,  consisting, 
1st,  of  a  complete  collection  of  the  transactions  and  proceedings  of  all  the  learned 
societies  of  the  world;  2d,  of  the  more  important  current  periodical  publications, 
and  other  works  necessary  in  preparing  the  periodical  reports. 

2.  The  Institution  should  make  special  collections,  particularly  of  objects  to 
verify  its  own  publications.  Also  a  collection  of  instruments  of  research  in  all 
branches  of  experimental  science, 

3.  With  reference  to  the  collection  of  books,  other  than  those  mentioned  above, 
catalogues  of  all  the  different  libraries  in  the  United  States  should  be  procured,  in 
order  that  the  valuable  books  first  purchased  may  be  such  as  are  not  to  be  found 
elsewhere  in  the  United  States. 

4.  Also  catalogues  of  memoirs,  and  of  books  in  foreign  libraries,  and  other 
materials,  should  be  collected,  for  rendering  the  Institution  a  centre  of  bibliogra- 
phical knowledge,  whence  the  student  may  be  directed  to  any  work  which  he  may 
require. 

5.  It  is  believed  that  the  collections  in  natural  history  wiil  increase  by  donation, 
as  rapidly  as  the  income  of  the  Institution  can  make  provision  for  their  reception ; 
and,  therefore,  it  will  seldom  be  necessary  to  purchase  any  article  of  this  kind. 

6.  Attempts  should  be  made  to  procure  for  the  gallery  of  art,  casts  of  the  most 
celebrated  articles  of  ancient  and  modern  sculpture. 

7.  The  arts  may  bo  encouraged  by  providing  a  room,  free  of  expense,  for  the 
exhibition  of  the  objects  of  the  Art-Union,  and  other  similar  societies. 

8.  A  small  appropriation  should  annually  he  made  for  models  of  antiquity,  such 
as  those  of  the  remains  of  ancient  temples,  &c. 

9.  The  Secretary  and  his  assistants,  during  the  session  of  Congress,  v/ill  be 
required  to  illustrate  new  discoveries  in  science,  and  to  exhibit  new  objects  of  art; 
distinguished  individuals  should  also  be  invited  to  give  lectures  on  subjects  of 
general  interest. 

In  accordance  with  the  rules  adopted  in  the  programme  of  organization,  each 
memoir  in  this  volume  has  been  favorably  reported  on  by  a  Commission  appointed 
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for  its  examination.  It  is  -however  impossible,  in  most  cases,  to  verify  the  state 
ments  of  an  author;  and,  therefore,  neither  the  Commission  nor  the  Institution  can 
be  responsible  for  more  than  the  general  character  of  a  memoir. 


The  following  rules  have  been  adopted  for  the  distribution  of  the  q^uarto  volumes 
of  the  Smithsonian  Contributions: — 

1.  They  are  to  be  presented  to  all  learned  societies  which  publish  Transactions, 
and  give  copies  of  these,  in  exchange,  to  the  Institution. 

2.  Also,  to  all  foreign  libraries  of  the  first  class,  provided  they  give  in  exchange 
their  catalogues  or  other  publications,  or  an  equivalent  from  their  duplicate  volumes. 

3.  To  all  the  colleges  in  actual  operation  in  this  country,  provided  they  furnish, 
in  return,  meteorological  observations,  catalogues  of  their  libraries  and  of  their 
students,  and  all  other  publications  issued  by  them  relative  to  their  organization 
and  history. 

4.  To  all  States  and  Territories,  provided  there  be  given,  in  return,  copies  of  all 
documents  published  under  their  authority. 

5.  To  all  incorporated  public  libraries  in  this  country,  not  Included  in  any  of 
the  foregoing  classes,  now  containing  more  than  10,000  volumes;  and  to  smaller 
libraries,  where  a  whole  State  or  large  district  would,  be  otJierwise  unsupplicd. 
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ADVERTISEMENT. 


The  principal  part  of  the  following  Memoir  on  Certain  Harmonies  of  the  Solar 
System  was  read  before  the  American  National  Academy  of  Sciences,  at  its  meet- 
ing in  April,  1873,  and  some  additional  portions  of  the  same,  at  tlio  meeting  in 
April,  1874. 

In  accordance  with  usage  in  such  cases  the  whole  is  now  presented  to  the 
public  through  the  Smithsonian  Contributions  to  Knowledge. 

JOSEPH  HENEY, 

Secretary  S.  I. 


Note  by  the  Author. — After  reading  tlie  whole  memoir,  a  eyuopsis  of  tlic  principal  relations  ra 
be  obtained  by  a  repernsa!  and  comparison  of  the  Tables  (B)  to  (P)  inclaaivo,  with  their  explai 
tiona  ;  and,  especially,  the  Sauiniatioa  of  Consistencies  at  the  end. 
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Special  characteristics  of  tlie  Moon  and  other  satellites,  68. 
Explanation  of  the  appearance  of  certain  satellites  of  Jnpiter  as  dark  spots,  in  their  transit  across 

the  face  of 'their  primary.     Significance  of  the  same  as  respects  the  rotation,  temperature, 

atmosphere,  etc.,  of  satellites,  69. 
Of  the  Zodiacal  Light— M.  Laplace's  proof  that  the  Zodiacal  Light  is  not  due  to  the  cun's  atmos- 
phere, 70. 
His  subsidiary  hypothesis  as  in  the  constitution  of  the  material  which  affords  «3  the  light,  71. 
Eastern  and  Western  appearances  of  the  light  have  occnrred  simultaneously,  72. 
Difficulty  of  supposing  that  the  material  is  an  immediate  solar  appendage,  73. 
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The  matei'ial  a  terrestrial  appendage — its  rarity,  14. 

The  light,  to  a  great  extent,  transmitted  light.  Observers  at  diverse  stations  see  different  portions 
of  the  material  illuminated,  16  and  16. 

Other  phenomena  attendant  on  the  transmission  of  the  light,  76  and  11. 

MODiFicATioK  of  Rev.  George  Jonea'  hypothesis  of  a  nebulous  terrestrial  ring.  The  material  in 
form,  a  girdle,  18. 

How  the  girdle  is  maintained.  Its  time  of  revolution  aronnd  the  Earth  the  same  with  that  of  the 
Moon,  19. 

Oval  form  of  the  girdle,  and  certain  conditions  of  eguilibrium,  80. 

Girdle,  in  equilibrio,  retains  its  form  when  the  distance  of  the  moon  varies;  I)ut  its  dimensions 
change,  81. 

Dimensions  of  the  girdle,  82. 

Tidal  action  of  the  moon  on  the  girdle,  83. 

Other  pecnliaritiea  are  noticed  in  connexion  with  Consistency  eOtb,  in  100. 

Curvature  of  parts  of  the  girdle,  84, 

F>.VB  cases  of  variety  of  illumination  of  the  girdle,  and  therefore  of  variety,  etc.,  of  the  Zodiacal 
Light  to  be  looked  for,  85. 

Variation  of  brightness  probable,  86. 

Observations  of  phenomena,  presented  by  the  Zodiacal  Light,  and  statements  of  the  Moou's  position 
at  the  times  of  obseiTation,  81. 

"  Moon"  Zodiacal  Light,  88, 

Various  additional  observations,  including  those  of  the  "  pulsations"  of  the  Zodiacal  Light,  89  to  93. 

Absence  of  parallax  of  the  Zodiacal  Light  accounted  for,  94. 

Summary  of  what  seem  to  be  eight  special  coincidences  of  phenomena  with  tho  requirements  of  the 
theory,  95. 

Origin  of  the  Girdle,  96. 

Conjecture  as  to  the  Aurora  Borealis,  91. 

Analogies  and  differences  of  the  Girdle  and  Saturn's  Dusky  Ring,  98. 

Close  correspondence  in  the  position  of  the  planes  of  the  planetary  orbits  in  ancient  times.  Conjec- 
ture as  to  the  reason  why  the  Sun's  equator  makes  aw  angle  with,  those  planes,  the  mean  value  of 
which  is  nearly  5°.  Also  as  to  the  d.erivaiion  of  the  great  planetary  masses  from  different  hait- 
spheroidso/ifteSMJi;  and  which  from  which.  Harmonious  relations  developed  by  John  N.  Stock- 
well,  M.A.,  99. 

Greater  inclination  of  the  orbits  of  outer  satellites  to  the  planes  of  the  equators  of  their  respective 
primaries,  and  especially  the  great  inclination  of  the  Moon's  orbit  to  the  plane  of  the  equator 
of  the  Earth ;  and  the  yet  greater  inclination  of  the  orbits  of  the  satellites  of  Uranus  to  the 
plane  of  the  equator  of  their  primary.     Reasons  assigned  for  these  peculiarities,  100. 

The  Minor  iSj/stewi,  101, 

Saturn  and  the  Earth  (the  Saturn  of  the  Minor  System)  compared,  102. 

Relations  of' great  planetary  masses,  in  the  Ancient  State  of  the  Solar  System.  Possible  order  and 
character  of  successive  development,  104. 

Illustrations  of  Kirkwood's  Analogy,  106. 

Eailure  of  the  formula  derived  from  Kirkwood's  Analogy  in  the  case  of  Uranus.  Reason  for  this, 
101. 

Approximate  coincidence  of  the  result  of  the  same  formula  with  fact,  in  tho  case  of  Mars;  admit- 
ting the  subsidiary  hypothesis  of  half  asteroid  masses,  1 08. 

The  (so-called)  "Bode'a  Law,"  109. 

Immediately  after  these  we  have  the  Summation  of  Coincidences,  62  in  number,  110. 

Lastly,  we  have  Supplementary  Notes  (A)  and  (B), 
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CERTAIN  HAMOKIES  OP  THE  SOLAK  SYSTEM. 


SECTION    I. 
INTRODUCTORY. 

(1)  Kepler's  3d  Law  is  ordinarily  expressed  by  saying  that  the  squares  of  the 
periodic  times  of  the  several  planets  of  the  solar  system  are  to  one  another,  respec- 
tively, as  the  cubes  of  their  distances  from  the  sun.  The  same  law  includes  also 
the  periodic  comets,  and  it  is,  in  like  manner,  applicable  to  the  satellite  systems. 

But  from  this  we  do  not  learn  that  any  laws  are  to  be  found  determining  the 
ratios  of  the  distances  themselves. 

It  will  be  one  main  object  of  the  present  discussion  to  show  that  such  laws  exist, 
and  precisely  what  they  are — generality  and  precision  being  characteristics  of  every 
law  of  nature.^ 

(2)  Approximations  to  the  laws  in  question  have,  from  time  to  time,  been  ex- 
hibited, by  the  author  of  this  paper,  to  the  American  Association  for  the  Advance- 
ment of  Science,  at  several  of  their  meetings,  beginning  with  that  at  New  Haven, 
in  1850,  and  more  especially,  also,  that  at  Montreal,  in  1857;  Baltimore,  in  1868; 
and  Springfield,  Massachusetts,  in  1859  ;  but  it  is  only  within  the  past  few  months, 
or  even  almost  up  to  this  present  time  (July,  1874),  that  the  entire  form  and 
consistency  of  the  results  hereinafter  exhibited  have  been  quite  fully  made  out. 

(3)  All  that  is  to  be  stated  will,  it  is  conceived,  be  the  more  readily  intelligible 
by  proceeding,  as  occasion  may  seem  to  require,  inductively,  and  consequently  fol- 
lowing, to  some  extent,  the  order  of  discovery. 

Antecedently  even  to  this,  however,  it  seemed  to  be  desirable  to  discuss  anew 
the  expressed  values  of  the  distances  in  question,  and  this,  in  view  of  the  fact, 
that  Kepler's  3d  Law  is  itself  slightly  modified  by  the  consideration  due  to  the 
masses  of  the  revolving  bodies. 

Thus  if  M  represent-  the  mass  of  the  sun,  and  m,  m'  the  respective  masses  of  any 
two  planets,  while  a,  a'  represent  their  mean  distances  from  the  sun,  and  ?',  7" 
represent  their  periodic  times,  we  have 


/T'\^      ja'v'      M+  m  ] 

/rV      M-\-m'      /aV  '  '  '  '  *" 


'  The  so-called  Law  of  Bodo  or  of  Titius,  it  need  sciircely  lie  a:ud,  fails  in  both  these  respects. 


mber,  1874. 


(U 
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2  STATEMENT    AND    li]XPOSIT  ION    OF 

When  m  and  m'  arc  mere  particles  of  matter  Eqs.  (1)  are  both  reduced  to 

It  may  bo  convenient  to  regard,  once  for  all,  a,  m,  and  T,  in  so  far  as  they  appear, 
as  being  special  for  the  earth,  while  a',  m\  and  7"  respectively  represent  like  quan- 
tities in  the  instance  of  any  other  planet. 

Now  7"  and  T  having  both  been  well  ascertained,  and  being  themselves  constant, 

the  same  is  true  of  their  ratio,  which  involves  also  the  cmistant  vahie  of  ( \  :  and 

hence  it  follows  that,  to  preserve  Eq.  (1)',  we  must  have  the  value  of  (-)  also  con- 
stant, and  this,  although  the  accepted  value  of  a,  the  earth's  mean  distance  from 
the  sun,  which  is  the  unit  of  measurement,  may  itself  require  correction  in  com- 
parison with  other  standards.  If  it  then  be  diminished,  every  other  mean  distance 
a',  as  it  is  represented  in  Eq.  (1)',  will  be  found  to  be  diminished  in  the  same  ratio ; 
and  thus,  while  the  numbers  representing  them  remain  %mchanried,  "  all  the  dis- 
tances have  to  be  reckoned  on  a  new  scale."^ 

Next,  as  respects  the  modifying  factor  .     "'"     -,  in  the  second  of  Eqs.  (1).     As 

it  is  moreover  true,  that  M  itself  varies  directly  as  a^ ;  if  a?  be  diminished,  M  will 
be  diminished  in  the  same  ratio,  and  the  like  will  be  true  of  m'  represented,  as 
usual,  in  terms  of  ilf  as  the  measuring  unit;  so  that  all  such  masses  will  be  repre- 
sented by  the  same  numbers  as  before,  but  all,  as  in  the  case  of  the  distances, 
"reckoned  on  a  new  scale,"  while  the  mass  of  the  earth  will,  in  this  comparison,  be 
increased,  as  that  will  vary  inversely  as  a^. 

Now  the  more  recent  determination  of  the  solar  parallax  requiring  that  the 
actual  value  of  a  should  he  diminished,  it  became  requisite  for  the  accurate  deter- 
mination of  the  values  of  the  mean  distances  of  such  other  planets  as  have  ascer- 
tained and  appreciable  masses,  that  those  values,  as  already  intimated,  should  be 
rediscussed. 

This  has  been  done  with  the  aid  of  logarithms  computed  to  ten  decimal  places 
of  figures ;  and  the  results,  to  the  seventh  decimal  place  inclusive,  are  exhibited 
in  Table  (A),  in  which  withal,  in  their  appropriate  column,  are  also  the  vaUies  of 
"  the  masses  made  use  of,  with  indications  of  the  authorities  to  which  they  are 
referable. 

The  densities  which  besides  are  exhibited  in  Table  (A),  will  be  found  to  vary 
more  or  less  from  those  hitherto  ordinarily  accepted.  This  is  due  to  the  increase 
in  the  relative  mass  of  the  earth,  and  also  to  the  more  accurate  determination  of 
the  masses  of  the  planets. 

The  arrangement  of  the  series  of  planets  begins  with  the  most  distant,  as  that 
will  be  found  to  be  the  more  convenient  for  the  application  of  these  data  to  the  special 
purposes  of  the  whole  investigation. 

'  Sir  J.  Herschol's  OvtUiies  of  AMronomy,  11th  edition  (351  c.) 
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The  results  given  are  those  which  are  respectively  consistent  with  two  values  of 
the  solar  parallax ;  viz.,  Prof.  Newcomb'a  value  n  =  8".84:8,'  and  that  which  some 
prefer,  n  =  8".78. 

Table  (A). 
A  Synoptic  Table  of  some  of  the  Elements  of  Oie  Planetary  System. 


N..«.. 

I'erioilLc  TliiKjg 

/"Til. 

TBtoT 

(T=e'.s*8.) 

Mean  DiatBuces 
(^  =  a".J8). 

Densities 
(T=  8'.a48l. 

Den  ait  lea 
»-8'.7S). 

tp 

Nepttine, 

60186*-6385 

irSo" 

30.0561298  — 

30.0561339- 

0.143  — 

0.145  + 

s 

Uranus, 

30688  50 

saw. 

19.1833611  + 

19.1833622  — 

0.182  — 

0.186 

^ 

Saturn, 

10759. 21981H 

—1^ 

9.5388544  — 

9.5388546- 

0.119  — 

0.122  — 

n 

Jupiter, 

4333.58482L2 

5.2038004- 

5.2028005- 

0.240  — 

0.245 

% 

Mara, 

ese.aigei&s 

1^0909 

1.5236913 

1.5236913  + 

0.585  + 

0.699  + 

© 

IJarih, 

365.2563582 

-^ 

1.0000000 

1.0000000 

1.000 

1.000 

2 

Vcnns, 

224.7001869 

_L_. 

0.  T  233322  — 

0.1233322- 

0.809  + 

0.838  + 

2 

Mercury, 

81.96925S0 

_i_ 

0.3810981- 

0.3810987  — 

1.123- 

1.148  + 

G 

Sun, 

1 

I 

0.250  + 

0.256  + 

1 

Remarks. — The  authoiitiea  for  the  Periodic  Times  are  :— 
Uranus.     From  Prof.  Newcomb'b  Tables  of  Uranus. 

EarOi.     Tho  sidereal  year  of  Hansen  and  Olufsen,  as  quoted  by  Prof,  Watson.     Tkeor.  Astro- 
nomy, Table  SXI. 

The  other  periodic  times  are  those  usually  aeucpted. 

For  the  Masses  we  have.^ 
Neptune.     The  Pulkova  deduction,  furnished  by  Prof.  Newcomb, 
Uranus.     From  Prof.  Newcomb's  Tables  of  Uranus. 
Saturn.     Bessel,  Comptes  Rendus,  1841. 
Jupiter.     BESSBr.,  Die  Masse  des  Jupiter,  p.  64.     [Its  great  accuracy  is  confirmed  by  Prof  Moller's 

deduction  from  the  perturbations  of  Faye's  Comet,   and  by  the  recent  investigations  by  Dr. 

Krbeger,  of  the  perturbations  of  Themis,  Ast.  Nachrichten,  No.  1941.] 
Mars.     Hansen  and  Oluesen's  mass,  as  quoted  by  Prof.  Hill.      Tables  of  Fctims,  p.  2. 
Earth.     Prof.  Newcomb'b  Investigation  of  the  Distance  of  tJie  Sun,  etc,  §  11  (witb  n  =  8".848). 

With  rt  =  8".13,  the  mass  was  deduced,  with  a  change  of  value  proportioned  to  n'. 
Venus.     Prof.  Hill,  Tables  of  Venus,  p.  3. 
Mercury.     Enoke,  Astronomische  Nachrichten,  No.  443. 

The  columns  of  densities  have  been  computed  by  the  aid  of  the  other  data.  If 
we  admit  for  Venus  the  mass  43,2455  to  which  some  indications  point  (^lEWs  Tables, 
p.  2),  then  the  density  of  that  planet  with  the  value  of  the  solar  parallax  =  8".848, 
will  be  represented  by  0.773,  or  for  the  value  of  7t  =  8", 78,  the  representative 
density  will  be  0.791  +.  The  only  change  in  the  value  of  tho  mean  distance  of 
Venus  will  then  be  that  the  last  decimal  figure  (with  7t-=  8".848)  will  read  1  + 
instead  of  2  — . 


'  Smithsonian  Contributions  to  Knowledge — Investigation  of  the  Distance  of  the  Sun,  etc.,  §  10. 
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STATEMENT    AND    EXPOSITION    OP 


SECTION   II. 

OK  TE5  LAWS  Oil'  ARRANGEMENT  OF  TDE  DISTANCES,  liOTH  OF  PLANETS  AND  THEIR 
SATELLITES,  FROM  THEIR  RESPECTIVE  CENTRES  01'  ATTRACTION, 

(4)  The  object  of  this  section  is  to  indicate  distinctly  the  ratios  which  prevail 
among  the  planetary  and  satellite  distances  from  their  respective  centres,  and  also 
the  laws  which  include  the  same ;  witliout  the  introdttction  in  this  same  connexion 
of  any  physical  hypothesis  on  which  those  laws  seem  to  he  founded,  or  of  which  they 
are  ilie  exponents. 

The  hypothesis  which  seems  to  reconcile  and  explain  those  laws,  as  well  as  a 
number  of  oilier  phenomena,  will  be  considered  in  a  subsequent  section. 

(5)  The  first  correspondence  and  arrangement  of  ratios  that  will  be  noticed, 
may  be  thus  stated;  Beginning  with  the  mean  distance  of  Neptune  as  found  in 
Table  (A)  in  (3),  if  of  this  we  take  4,  and  of  that  fractional  product,  again,  |,  etc.,  etc.; 
then,  among  the  terms  in  the  geometrical  povgression  thus  developed,  in  addition  to 
that  pertaining  to  Neptune,  we  shall  find  those  which  respectively,  in  their  order, 
exhibit  close  approximations  to  the  mean  distances  of  the  two  great  planets 
Saturn  and  Jupiter;  another  having  an  appropriate  position  among  the  asteroids;^ 
with,  again,  others  which  respectively  exhibit  close  approximations  to  the  mean 
distance  of  Mars,  and  that  of  Mercury  in  aphelion;  all  which  can  be  distinctly 
traced  in  the  following  tabular  arrangement,  in  which  the  approximations  are  car- 
ried to  the  third  place  of  decimals  inclusive;  though  the  computations  were  extended 
to  the  fifth  place.  lu  the  third  column,  it  will  be  remembered,  every  t&rm  after  the 
first,  is  I  of  that  immediately  preceding ;  so  that  the  ratio  of  every  one  to  its  next 
succeeding  term  will  be  that  of  9  to  5  =  to  |  =  -fl  =  i^^  =  1.8 ;  a  statement  which, 
in  certain  comparisons,  wIU  be  found  to  be  more  convenient  than  the  other. 

In  this  arrangement  the  column  under  the  title  of  Law  exhibits  the  results  in 
accordance' with  the  (approximate)  law  of  succession  of  the  terms  as  now  explained; 
in  comparison,  respectively,  with  the  recorded  distances  found  in  the  column  of 
Fact  ;  the  terms  in  the  column  of  Law  forming  a  series  in  geometrical  progression,  the 
ratio  being  1.8. 

Int  ApproxiTnate  Arrangement. 


Names 

and  Svmtors. 

Law. 

Fact. 

Diffeveuce 
L.— P. 

W 

Neptune, 

30.05133 

30,05733 

0  000 

S 

( TJranas, 

^19.133-1- 

(U) 

}  Umil  IV), 

16.608  + 

"Jonissinjr) 

(SO 

I 

SatuL-u, 

9.317— 

9.539-      . 

—  0.262 

a 

Jupiter, 

5.154— 

5.203— 

—0.049 

(A) 

Limit  (A), 

2,8G3+ 

(to  be  supplied) 

1.591— 

1.524 

+  0.067 

e 

(    l.OOO 

(et) 

i  Limit  (IBS), 

{!.HS-t— 

] 

1 

(v-em,8, 
\  Mercury,  f 

i    0.723  + 

Apt.   J. 

1  Aplielion,  \ 

0.491— 

0,407— 

+  0.024 
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(6)  An  inspection  of  what  is  here  exhibited  will  at  once  reveal  the  fact  that 
the  Earth  and  Venus  seem  to  have  characteristics  of  half-planets ;  the  one  term, 
0.884  (in  the  series),  pertaining  to  them,  being  indicative  of  a  distance  between 
those  of  the  two  planets  at  which  their  masses  should  be  united;  and  which  is 
designated  as  limit  (©  2 ). 

[To  avoid  circumlocution,  such  an  arrangement  as  this,  will  be  termed  a  lialf- 
plmwtary  arrangement,  and  the  planets  subject  to  it,  be,  at  times,  designated  as 
half-planets;  those  situated,  as  Uranus  and  the  Earth  arc,  without  the  intervening 
limits  being  styled  ea;(e™r  half-planets ;  while  those,  like  Venus,  loithm  the  limit, 
are  specially  designated  as  being  interior  half-planets;  Uranus  being  regarded  as 
an  exterior  half-planet  as  well  as  the  Earth.  For  the  ratio  of  the  mean  distance 
of  Neptune  to  that  of  Uranus  is  very  nearly  the  same  as  that  of  Mars  to  the  Earth's  ; 
viz.,  a  very  little  greater  than  the  ratio  of  Ig  to  1.  And  so^  the  limit  (u)  in  the  pro- 
gressioii  is  very  nearly  the  same  fraction  of  the  term  for  Uramis  in  the  column  of 
Fact,  that  the  limit  (©  $)  is  of  the  Earth's  distance;  viz,  very  nearly  -j\,  in  both 
cases.] 

(7)  Uranus,  then,  like  the  earth,  has  the  characteristics  of  an  exterior  half- 
planet;'^  though  there  is  no  other  half-planet  (analogous  to  Venus)  apparent  between 
limit  (u)  and  Saturn.  But  iJie  region  of  the  system  where  the  appropriate  term  for 
such  a  half-planet  should  be  found  has  been  marked  in  the  tabular  arrangement, 
and  its  symbol  (Si)  shows  that  it  would  belong  to  a  half-planet  interior  to  Uranus; 
such  as  Venus  is  in  the  region  interior  to  the  Earth's  place. 

(8)  Now  the  ratios  for  the  mean  distances  from  the  Sun  of  the  exterior  half- 
planet  terms,  are  as  follows:  — 

Neptune 


-^  1.56681 
Uranus 

Mars 


Mean=  1.53606; 


Mercury  in  periJielion 

while  it  is  also  true,  with  respect  to  the  ratio  for  other  than  halt-planet  distances 
[which  =  -P  or  i-^  very  nearly],  that 

(1.8)1  =  1.55401, 
agreeing  very  nearly  with  the  preceding;  so  that,  r  being  the  ratio  for  other  than 
half-planets,  the  ratio  for  the  exterior  half-planets  is  )■? . 
Also,  as  again  respects  mean  distances  from  the  Sun, 

f^==  1.38249. 

Venus 

'   Homng  all  ike  while  in  view  l.lie  table  of  tlie  first  Approximato  Arrangement  under  discassion. 

'  This  was  not  discerneiJ  until  just  before  tbe  Meeting  of  the  American  Association  for  ttie  Advance- 
meiit  of  Science,  in  Baltimore,  in  1858.  It  is  jnat  the  non-perception  of  a  half-planet  relationship, 
that  has  seriously  troubled  most  of  the  investigations  into  the  arrangements,  etc.,  of  the  planetary 
system,  whether  purely  speculative  or  otherwise. 


Hosted  by 


Google 


6  STATEMENT   AND   EXPOSITION   OP 

But  }■  being  still  =  1,8,  the  square  root  of  r,  or 
rl  =  1.34161, 
so  that,  r  being  still  the  leading  ratio,  the  ratio  for  the  interior  half-planet  Venus, 
is  ra;  and  this  planet  furnishes  the  only  existing  example  of  its  kind  in  the  plane- 
tary system.     Another  will  appear  in  the  system  of  Saturn. 

The  relations  thus  ascertained  may  be  symbolized  as  follows;  the  dependence 
of  a  following  term  on  that  from  which  it  is  derived  being  indicated  by  a  brace 
connecting  the  two,  and  the  power  of  r  involved  marked  outside  of  the  brace :  as, 
for  example,  we  have 

Mars  Planet  1  Mars 

Earth  (^xjlanet)  ")         ,  „     ,    , 

rh  \ PI.  limit  V.  .      ;;    ^^   }  Limit  (ffi9)J 

Venus  { I  pUnet  J         ^  ^^"^^^  i  I  ,. 

Planetary  limit Aphelion  of  Mercury.    ' 

(9)  This  being  kept  in  view,  it  will  be  apparent  from  what  precedes,  that  the 
rules  now  established  for  the  derivation  of  all  the  distances  in  the  planetary 
arrangement  subsequent  to  the  first,  are  as  follows: — 

[Leading  ratio  r  being  =  1.8  very  nearly] 
Rule  \st.  — When  the  term  in  question  in  the  series  of  planetary  distances  is 
other  than  that  pertaining  to  a  half-planet^  the  value  of  that  term  may  be  obtained 
by  dividing  the  value  of  the  term  immediately  preceding  by  the  leading  ratio. 
Examples. — Thus,  as  indicated  by  the  symbols, 

Saturn  term 

■-=  Mean  distance  of  Jupiter 

Mars  term 

■ ^  Lim%t  (©  9  );  and 

— —  =  Aplielion  distance  of  Mercury. 

[This  (incidentally  it  may  be)  includes  the  term  for  Mercury,^  with  the  variety, 
that  the  term  which  immediately  precedes  (and  which  is  to  be  employed  in  that 
computation)  is  the  term  pertaining  to  the  half-planet  Venus;  though  Mercury 
itself  is  not  a  half-planet,  but  even  has  characteristics  approaching  to  those  of  a 
douhlerplanetl 

Rule  2d. — The  value  of  any  term  in  the  series  of  exterior  half-planets  may  be 
obtained  by  dividing  the  value  of  the  term  immediately  preceding  that  in  the 
planetary  arrangements,  by  j- 1 , 

[The  Examples  are:  The  respective  mean  distances  of  Uranus  and  the  Earth, 
and  ^eperihelvm  distance  of  Mercury.     Thus, 

Mars  term 

a — -  —  Earth  term."] 

ri  ■> 


'  Incidentally,  it  may  be;  for  Mercnry's   mean  distance  has  other  relations;  as  will  appear  i 
Section  III. 
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Rule  Zd.  —  The  value  of  any  term  in  the  series  of  interior  half-planets  may  be 
obtained  by  dividing  the  value  of  the  term  of  the  planetary  arrangement  imme- 
diately preceding  tJiat,  by  r  i . 

[Examples  are ;  The  mean  distance  of  Venus,  and  that  due  to  the  missing  interior 
half-planet,  next  in  the  arrangement  to  the  exterior  half-planet  TJranus.     Thus 

J^artTi  term         ^ 

[ =  Venus  termA 

rs 

With  D',  or  D'\  or  U",  as  the  case  may  be,  for  thp  value  of  the  distance  in  ques- 
tion, and  D  that  to  which  that  value  is  referred,  we  have 
For  Gaae  under  Rule  Fird, 


D'  =  — ;  whence,  withal,  r -. 


D 
U 

(d)- 


fFor  Mercury,  D'  =  '^"^1 
For  Case  under  Rule  Second, 


(a) 


For  Case  under  Rule  Third, 


From  these  equations  we  also  learn,  that 


01    ,. 

n 

[d) 

D" 

1 

aiid 

11 

1 

D 

^r! 

■  m 


(10)  These  equations  express  the  laws  of  apportionment  of  the  planetary  dis- 
tances; which  are  these;  — 


Laws  <yf  Apportionment  of  the  Planetary  j 
[Value  of  r  =  1.8,  very  nearly.] 

Law  Fiest.  For  any  term  subsequent  to  the  first,  in  the  series  of  terms  of  plane- 
tary distances;  and  other  than  a  half-planetary  term:  — 

succeeding  term  :  prec,  term  :  :     1  :  leading  ratio  r. 

Law  Second.  For  an  exterior  half-planetary  term:  — 

ext  half-planet,  tei-m  :  prec.  term  :  :     1  :    ^power  of  leading  ratio  r,  i.e.  rh 
Law  Third.  Fdr  an  interior  half-planetary  term. 

int.  half-planet,  term  :  prec.  term  :  :     1  :  square  root  of  leading  ratio  r,or:/-i. 

'  (d)  being  the  terra  pertaining  to  the  interior  half-planet  Venus. 
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In  the  second,  approximate  arrangement  wliicli  follows,  the  dependence  of  the 
value  of  one  term  en  that  of  another  is  indicated  by  the  irace  connecting  them,  and 
the  power  of  *■  in  question  is  also  shown;  the  hali-planetary  terms  have  their  names 
printed  in  italics;  while  Mercury's  name  (in  view  of  the  peculiarity  of  that  planet) 
appears  in  capitals:  other  symbols,  etc.,  as  heretofore. 

The  leading  ratio  here  accepted,  after  many  trials  of  it  and  of  other  ratios,  is 
1.S05. 


Second  Approximate  Arrangement  of  (he  Planetary  Systen 
Batio  1.805]. 


[  Value  of  Leading 


Names  and  Symbols, 

Law. 

Fact. 

Diff.  L.— F. 

It 
s 

Si 

% 
(A) 

(©!) 

5 
Apli,  S 

a 

Per.  8 

.Neptune  >,,                         ] 
f  Uranus  f       '                        \      '' 

ri     .j  Limit  (IJ). 

30. 05  UTS 
19.30118 

1G.G5193 

30.05T33 
19.18336 

^0.001 
+  0.118 

(Missing). 
9.53885 
5.30280 

Jupiter,                                  -> 

Limit  (A),                             1 

Mara  >     .                              {       ' 
(Earth]''                             \      r 
r''     -J  Limit  (®  9),                      \ 
(    (  FeiiMS,                                    \      T 

r\    \  Mercury  in  Aph,  "l > 

(  tMEttcuaY              1   ^.j 

Mercury  in  Pe-.  \ 

9.32545 

5.11105 

2.83161 

1.5(;8T6 
1.0O7S9 
0.8G912 
0.14982 
0.48151 
0.41543 

0.30920 

—0.313 
—0.093 

1.52369 
LOOOOO 

+  0.045 
+  0.001 

0.73333 
0.466T0 
0.38T10 

0.30T50 

+  0.026 
+  0.015 
H-0.038 

+  0.002 

(11)  The  approximation  of  law  to  fact  here  shown,  though  in  the  main  very 
close,  yet  exhibits  some  terms  in  which  the  discrepancy  is  a  greater  fraction  of  the 
whole  than  seems  to  be  quite  tolerable,  in  view  of  the  accuracy  of  the  other  terms. 

Then,  too,  the  last  column  of  the  arrangement  here  shows  a  tendency  in  the 
difference  of  law  from  fact  to  be  negative  for  the  first  part  of  the  series  of  terms, 
hut  positive  afterwards;  as  though  the  value  of  the  leading  ratio  were  in  excess  for 
the  one  portion,  and  thus  had  given  the  results  in  general  too  small;  but  the  same 
value  of  the  ratio  having  been  too  small  in  the  case  of  the  remaining  terms,  had  con- 
sequently given  results  too  large.  All  this  makes  it  not  improbable  that  the  lead- 
ing factor  r,  from  first  to  last,  should  regularly  increase,  beginning  heloio  the  mean 
value  of  1.805,  and  ending  above  the  same ;  the  increase,  however,  in  any  event, 
being  very  small. 

To  ascertain  whether  this  is  so,  it  will  be  found  advisable  to  institute  a  separate 
induction  within  the  narrower  limits  of  the  region  from  Saturn  to  Mars  inclusive, 
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ill  which  we  possess  three  out  of  the  four  requisite  terms  ;^  the  fourth  (the  asteroid 
term  or  limit  (A))  to  be  accurately  determined  by  the  process  hero  proposed,  and 
its  value  thus  obtained  to  he  made  Hie  cntermi,  for  the  comparison  of  its  value  as 
ascertained  in  the  more  extended  series.  In  the  several  instances  of  the  three 
planets  here  in  question,  there  are  withal  no  half-ijlatwt  relations,  and  the  fourth 
term  being  a  limit  in  the  regular  series  in  which  r  enters,  the  half-planet  relation 
does  not  pertain  to  it;  so  that  the  character  of  the  leading  factor  r,  as  to  variability 
or  otherwise,  is  here  to  be  sought  for. 

(19)  Now  the  existing  mean  distances  from  the  sun  in  this  region,  together  with 
the  asteroid  limit  (A),  may  be  arranged  as  follows,  viz, : — 


Dist.  fi-om  Siiu.i!  Log.  of  liatius, 

S.tnn,  ....  9.63886+  0,2832691  _ 


.Tup  iter 
Limit  (A) 
Mars     . 


+  0.0022T4 


.,..^»^cv  o.2i;55331 

(2.823%-)  o.26^80Tl-  '>-°'*^^" 

1.52369  + 


The  log.  differences  being  equal,  the  ratios  themselves  increase  in  geometrical 
^progression. 

But  if  the  arrangement  be  made  with  the  ratios  increasing  in  arithmetical  pro- 
gression, we  shall  have — 

Dist.  from  Suii.=  Ratios.  Diffursnoe. 

Saturn  ....  9.53885  + 

Jupiter  ....         5  20280  Islt!!  +  O-OO^^l 

JAmitik.]     ....        (2.82293—)  ,'o!f!o  0.00964 


1.52369  ^ 


1.85209 


Now  we  do  not  know  enough  of  the  nature  of  the  case  to  decide  which  of  these 
conditions  ought  to  prevail,  though  the  analogy  of  logarithms  etc.  would  lead  us 
to  suppose  that  the  ratios  themselves  should  increase  in  arithmetical  progression. 
But,  happily,  such  a  decision  is  of  no  moment  practically ;  since  the  differences  in 
question  are  so  small,  that  the  value  of  the  limit  (A)  in  the  one  case  differs  from 
that  in  the  other  only  in  the  fifth  decimal  place. 

So  the  value  of  the  limit  (A)  =  2.82293-,  which  is  that  duo  to  the  increase  of 
the  ratio  in  ariihTnetical  ■progression,  will  be  accepted,  and  the  same  will  be  adopted ; 
and  then,  as  heretofore  intimated,  this  value  will  be  made  the  criterion  for  the  com- 
parison of  tlie  value  as  ascertained  in  the  more  extended  series.  This  standard 
value,  being  withal  a  direct  derivation  from  fact,  in  its  own  special  region,  will  here- 
after be  inserted  as  a  limit  in  the  column  of  Fact,  the  figures  being  inclosed  in  a 
parenthesis.* 

'  In  the  order  of  discovery,  it  wa.s  in  ihis^  region  that  the  approximation  of  the  flerics  of  distancca 
to  a  geometrical  progression,  with  the  ratio  =  1.8  nearly,  was  first  discerned. 

«  See  Table  (A),  in  (3). 

^  This  value,  2.83293,  is  greater  than  the  mean  of  the  distances  from  the  sun  of  132  known  asteroids, 

which  is  only  2.70282.     But  then  about  /j  of  that  number  are  distances  below  the  mean  ;  leaving 

but  -^^  above  the  same.     So  that  it  seems  not  unreasonable  to  suppose  that  were  many  more  induded, 

which  mostly  aro  now  iinVnnwn — partly,  it  may  be,  because  of  their  greater  distaiife — the  mean 

2         November,  1874. 
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1.0138 
1.0138 
1.0188 
'.01158 
t.0138 
1,0138 


10  STATEMENT    AND    EXPOSITION    OP 

(13)  The  increment  of  the  leadmg  ratio,  or  factor  r,  having  been  ascertained  to 
be  real  for  the  region  thus  examined,  an  application  of  the  rule  which  that  implies 
was  tried  throughout  the  planetary  system ;  and  after  an  enormous  number  of  such 
tentative  processes,  the  following  local  values  of  r  were  found  to  give  the  most 
consistent  results,  the  values  of  r,  it  wiU  ho  seen,  increasing  withal  in  arithmetical 
progression. 

Valuea  of  r  in  the  I'laneiary  Syslem, 

Keptune  to  Zimrt  (U) I.ITIO 

Umit  (U)  to  Saturn 1.1!108 

Saturu  to  Jupiter .      1.8046 

Jupiter  to  h'wiii  (A) 1.8184 

ii"mi(  (A)  to  Mars 1.8322 

Mars  to  limit  {©9  )..-■....  1.84fi0 
Limit  (©?)  to  the  Aphelion  of  Mereui-y  ....  1,8.^98 
Aphelion  of  Mercury")  j  ^^^^ 

to  limit  within         ) 

The  mean  of  these  is  1.8253;  differing  a  little  less  than  -J^-th  of  itself  from  either 
extreme. 

From  these  we  have  for  the  exterior  half-planet  intervals: — 

Regioa.  Factor  rf . 

Neptune  to  IT  ran  US    ...         i         .....         .     1.5369  — 

Mars  to  Earth 1.5110  — 

ApheSion  to  PerilielioD  of  Mercury 1.6014  + 

For  the  interior  half-planet  intervals,  we  have:  — 

Regiim.  Foclor  rj. 

Uranus  to  Si 1.3356  + 

Earth  to  Tenua 1.3612  + 

From  the  interior  half-planet  Venus  to  Mercury 

r^  1.8632  + 
Under  these  conditions  the  value  of  the  half-planet   limit  Si,  i.e.  interior  to 
Uranus,  may  now  be  determined;  and  it  will  be  found  to  be  14.642T5.^ 

(14)  The  arrangement  of  the  planetary  system  in  accordance  with  all  that  has 
now  been  determined,  is  similar  to  that  of  the  Second  Approximate  Arrangement 
heretofore  exhibited,  (10);  the  value  of  the  interior  half-planet  limit  Si  and  the 
standard  value^  of  the  asteroid  limit  (A)  being  both  inserted;  and  besides  the  column 
of  differences  of  Law  from  Fact  in  terms  of  the  Earth's  mean  distance  as  1,  we  have 

woald  then  approach  more  nearly  to  the  standard  value  of  limit  (A).  In  this  aspect  of  the  matter, 
the  difference  of  limit  (A)  from  the  meaa  in  question  would  seem  to  bo  on  the  right  side. 

If,  however,  we  take  the  mean  between  the  two  extremes  of  the  known  distances,  that  of  Flora 
2.20336,  and  that  of  Sylvia  3.49411  (as  Prof.  Eirkwood  has  done— Proceed,  of  Moyat  Ast.  Soc, 
vol.  xxix.  p.  99),  we  shall  have  the  value  3.848T3;  whichis  almost  exactly  the  same  with  the 
value  of  (A)  here  brought  out. 

'  What  ought  to  be  the  mass  of  the  missing  half-planet  cannot  be  ascertained  without  tLe  iutro- 
duction  of  theoretical  considerations ;  of  which  m 

"  As  exhibited  in  Article  (13). 
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an  additional  column  expressing  in  every  case  the  same  difference  in  terras  of  the 
quantity  to  be  compared,  which  is  a\  the  planet's  own  mean  distance  from  the  Sun, 
or  else  iX,  the  distance  from  the  Sun  of  the  limit  in  question. 

Thus,  for  example,  in  the  instance  of  Saturn,  Law — Fact  =  0.094  of  the  Earth's 
mean  distance;  and  iJiat,  in  the  next  column,  is  seen  to  be  only  0.010  of  Saturn's 
own  mean  distance  from  the  Sun, 


Completed  Arrangement  of  the  Planetary  System,  exhibiting  the  Gukrespondence  op 

Law  with  Fact. 

Table  (B), 


Law. 

Fact. 

„„-.„. 

Earth's  dist. 

a'  or  A' 

s 
\ 

(A) 

» 
Aph.  5 

Pur.  >! 

Noptnnc,-)     j          ) 

-■ilLimitcir) 

(7m(.  toS,                  I,. 
Satura 1 

Jupiter j 

LimiUA) 1*' 

Mars,  1     1 j  *■ 

,  (Sari/.,;"             1/ 

^4  .^  Limit  (es) 1 

1    (  Fm.,                     ( ,. 
r  ■{      Apli.  of  Mercury,   * 
(      MEKCrHY,                  1.4 
Fer.  of  Merctiry,  > 

.30.057264 
19.55718 
16.91431 
(14.64275) 
9.44511 

5.23391 

3.87831 

1.67096 
0.99335 
0,85101 
0.72975 
0.45758 
0.39166 
0.28573 

30.057332 
(  19.18336 

((missing) 
9.53885 

5.20280 

(2.82393) 

1.52369 
(  1.00000 

(6.73333 
0,46670 
0.38710 
0.30750 

—  0,000  + 
+  0.374  + 

—  0.094  — 

+  0.031  + 

+  0.055  + 

+  0.047  + 
-0.007- 

+  0.006  + 

—  0.009  + 
+  0,005  — 

—  0.032  — 

—  0.000  + 
+  0.019  + 

—  0.010  — 
+  0.006 

+  0.020  — 

■j- 0.031 

—  0.007  — 

+  'o.009  + 

—  0.030  — 
+  0.013  — 
-0.071  — 

The  coincidences  between  Law  and  Fact,  as  compared  with  previous  approxima- 
tions, are  now  far  more  complete.  The  greatest  actual  difference  is  that  in  the 
instance  of  Uranus,  which,  after  all,  on  the  large  scale  of  that  planet's  orbit  is  less 
than  -jV^h  of  the  quantity  to  be  measured.^ 

The  distances  of  Mercury  in  aphelion  and  in  perihelion  as  stated  in  the  column  of 
Fact  are  themselves  computed  from  Mercury's  mean  distance  and  the  eccentricity 
of  his  orbit,  at  the  present  date.  With  other  values  of  the  eccentricity,  we  would 
have  had  as  follows :  — 


E«ee 

trioity. 

Aph.  Dist. 

L.— F 

Per.  Dial. 

•     L.— F. 

Maximum 

=  0.2317185 

0-47680 

—  0.019  + 

0.39740 

—  0.012  — 

M?an 

=  0.1766064 

0,45546 

+  0.003  + 

0.31873 

—  0.033 

Minimum" 

=  0.1214943 

0.434J3 

+  0.023  + 

0,34007 

—  0.054  + 

'  Why,  after  all,  Uranus  seems  to  have,  as  it  were,  fallen  in  from  his  appropriate  position,  may 
be  considered  in  another  connexion. ;  not  here,  where  only  the  relations  themselves  are  permitted  to 
have  place,  without  the  introdnction  of  any  physical  hypothesis  to  explain  them,  as  was  indeed  inti- 
mated in  the  first  part  of  this  Section.     The  same  may  be  said  of  Mars. 

'  The  maximum  and  nainimum  values  of  the  eccentricity  here  inserted,  are  those  given  by  John  N. 
Stockwell,  M.A.,  in  his  Memoir  on  the  Secular  "Variations  of  the  Elements  of  the  Orhits  of  Eight 
Principal  Planets,  Introduction,  p.  xi. — Smithsonian  Contributions  to  Knowledge,  vol.  xviii. 
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SATELLITE  SYSTEMS. 


Fig.  1 


System  of  Satukn. 
(15)  In  the  System  of  Saturn  we  find  again  three  ratios;  all  of  them  fractional 
powers  of  one  another,  and  one  of  these,  like  the  special  one  in  the  Planetary 
System,  the  square  root  of  another. 

The  rings,  both  bright  and  dnsky,  have  also  their  places  in  the  satellite  series, 
with  the  condition  always  understood,  that  the 
distance  of  any  ring  from  Saturn's  centre  is  to 
be  measured  from  that  ring's  oion  centre  of  gyra- 
tion. 

(1())  Now  the  centre  of  gyraiimi  of  an  indefi- 
nitely thin  ring,  and  one  which  has,  in  effect,  a 
\    uniform  density  and  thinness,  this  centre,  has 
itself  special  relations  which  it  will  be  well  to 
notice. 

For  let  B  be  the  radius  of  the  outer  edge  of 
the  ring,  C  the  distance  of  the  centre  of  gyration 
from  Saturn's  centre  (or  from  the  common  centre 
of  all  the  circles  in  question),  and  *•  the  radius 
of  the  inner  edge  of  the  ring. 


Then,  we  have 


'21^ -2r^' 


')  (If-r'X 


0=Vh(ii'+r--)  ....  (A). 
But  now,  if  the  ring  be  supposed  to  be  so  divided  by  the  circumference  of  a 
circle  concentric  with  the  edges  of  the  ring,  that  the  two  portions  thus  obtained 
shall  be  equal  in  area,  and  the  radius  of  this  bisecting  circumference  be  x ;  then 
the  expressions  for  the  two  portions  of  the  ring  will  be  equivalent  to  one  another, 
and  so  we  shall  have 

7i(ff  —  ic^)  =  7r(a;^  —  i-^)  ;  whence 
E^  —  x^  ^  x'  —  r^;  and 
■  R"  ^  r^  =  2x^;           whence 
x^  =  ^(B"  +  r") ;  and 
X  =  ^i(R'Tr') (B). 


'  Dr.  Oliuthus  Gregoi-y's  Mpchai 
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The  value  of  x  in  equation  (B)  is  the  same  with  that  of  C  in  equation  (A), 
Hence 

G=x; 
or  tfw  centre  of  gyration  is  in  tine,  dvcumfevence  of  a  circle  concentric  wifJi  the  edges  of 
the  ring,  and  bisecting  its  area. 

And  a  cylindrical  surface  having  this  bisecting  circle  for  one  of  its  edges,  and 
cutting  perpendicularly  through  a  ring  formed  like  that  of  Saturn,  would  (density 
uniform)  also  bisect  the  volume  of  the  ring,  and  also  would  bisect  the  material  of 
the  ring;  and  the  value  of  C,  the  centre  of  gyration  of  this  ring  of  sensible  thick- 
ness, would  not  be  affected  by  these  new  circumstances ;  the  indefinitely  thin  ring 
being  the  plane  of  rotation  on  which  the  other  might  be  projected.^ 

(17)  The  equation  for  the  centre  of  gyration  of  any  two  equal  masses  will  take 
the  same  form  as  that  of  Eq.  (B),  with  the  condition,  however,  that  E  and  r  shall 
respectively  denote  the  radii  of  gyration  of  those  masses.  Indicating  these  radii 
then  by  li'  and  /,  and  the  masses  (equivalent  or  not)  by  ilf  and  m  ;  and  then  (since 
velocities  are  as  radii  of  simultaneous  rotation)  the  general  formula  will  be  thus 
expressed  :- 

I  MR"  +  mr' 


7-J^ 


M+r 
which,  when  M^^m,  is  reduced  to 


(C); 


C=  Vi  (B'  +  r") (C)', 

so  that  when  the  equivalent  masses  are  both  rings,  the  one  wholly  clasping  the 
other,  like  the  two  halves  of  the  ring  in  question,  the  position  of  the  centre  of 
gyration  may  be  obtained  by  a  similar  process,  whether  the  |  sum  of  the  squares 
under  the  radicle  be  that  of  those  quantities  representing  the  radii  of  outer  and 
inner  perimiters  of  the  wliole  ring,  as  in  Eq.  (A) ;  or  the  radii  of  gyration  of  the 
respective  halves,  as  in  Eq.  (C)'. 

'  This  property  of  the  centre  of  fryration  of  a  ring  like  those  of  Saturn,  as  well  as  of  the  indefinitely 
thin  ring,  has  about  it  a  species  of  mathematical  elegance.  I  know  not  whether  the  enunciation  of  it 
is  new;  but  the  correspondence  of  the  position  assigned  by  it  withthat  of  the  division  between  the 
bright  ring  systems  of  Saturn,  is  a  cui-ious,  if  not  an  interesting  one.     [See  Article  (19).] 
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System  of  Saturn. 
Table  (C). 
(18)  Definite  Arrangement  of  the  Sys 


NAMEa,  etc. 

Law. 

Fact. 

Diff.  L,-F 

Japetus, 

r' 
r' 

64.3590 

2t.4069 
22.1397 

64.3590 

26.7834 
22.1450 

9.5528 

6,8398 
5.3396 
4.3135 
3.3607 

0.00 

+  0.63  + 

—  0.01  — 

+  0.04  + 

+  0.01  — 

—  0.00  + 

—  0.00  + 
0.00 

Hyperion, 
Titan, 

9.5972 

6.8453 

j    5.3365 

j 

!     4.3109 

i     3.3601 

i 

Khea, 

Dione, 
Tuthys, 
Enceladus, 
Mimas, 

Outer  B.  Ring, 
loner  B.  Ring, 
Dusky  Rin?, 

■ 

-j     1.T097 
1     1.3811 

2,1246 
1.7323 

j    1.3402 
1   1.3588 

—  0.01  — 

—  0.02  + 
+  0.04  +  ) 

+  0.02 +  y 

In  the  instance  of  the  Dusky  Ring  two  values  appear  in  the  column  of  Fact ; 
the  first  of  these  indicating  the  position  of  the  centre  of  gyration,  if  the  Dusky 
Ring  have  an  interval  between  it  and  the  inner  Bright  Ring  (proportional,  perhaps, 
on  a  smaller  scale,  to  that  which  exists  between  the  two  systems  of  Bright  Rings). 
The  second  value  is  that  which  obtains,  if  we  suppose  the  Dusky  Ring  to  extend 
quite  up  to  the  Bright  Ring.  The  difference  between  the  results  is  but  a  small 
fraction  of  the  quantity  to  be  compared. 

[In  view  of  the  very  considerable  number  of  limits  in  the  upper  region  of  the 
system  at  which  no  satellite  is  found,  and  the  ratios  themselves  being  so  small,  it 
might  almost  seem  that  the  approximate  coincidence  between  Law  and  Fact  was  a 
forced  one,  brought  about  by  a  special  arrangement  and  combination  of  terms.  But 
not  merely  the  number  of  terms  (or  ratios,  or  their  equivalent)  is  indispensable, 
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bat  the  right  order  of  their  grouping  must  also  be  measurably  maintained,  to  bring 
about  the  coincidences  in  their  appropriate  places.  Then,  afterward,  from  Dione 
downward,  every  limit  has  its  corresponding  satellite  or  ring,  with  the  bare  excep- 
tion of  that  between  the  satellites  and  the  rings.  Then  the  discrepancy  between 
Law  and  Fact  is,  in  most  cases,  all  but  insensible.  The  most  conspicuous  deviation  is 
that  in  the  instance  of  the  more  recently  discovered  satellite  Hyperion,  the  distance 
of  which  is  not  yet  well  determined.  Another  fact  seems  also  not  without  its  sig- 
nificance; viz.,  that  the  two  ratios  in  the  region  of  the  rings  have  the  same  value,  r'.'Y 
The  somewhat  abnormal  deviation  from  Law  in  the  instance  of  Ifi/perion,  presents 
a  case  like  those  of  Uranus  (especially)  and,  also.  Mars,  in  the  planetary  system  ;^ 
the  resemblance  being  all  the  more  accurate  because  the  difference  from  Law  is,  in 
all  these  instances,  negative.  These,  and  other  peculiarities,  will  be  reviewed  in 
the  aspect  of  theory,  in  Section  III. 

Olher  Relations. 
(19)  The  centre  of  gyration  of  the  whole  system  of  Bright  Eings  is  at  the  dis- 
tance from  Saturn's  centre  =  1.9090 ;   being  just  within  the  outer  edge  of  the 
inner  Bright  Ring  (or  Eings)  which  is  at  the  distance  1.9276. 

In  the  subordinate  system  of  the  two  outer  Bright  Kings  the  ratio  of  their  dis- 
tances (2.1835  ~  and  3.0533  -)  =  1.06438;  while  ri  =  1.06433. 

Manifestly,  then,  the  arrangement  of  the  Outer  System  of  Bright  llings  is 

Fad. 

Exterior  Ring  ]    i  .  „     .,,    (  2T835  —  ]  3 

T„-.„„;.,„  T,:„  °  }  r\  agreemg  well  with  i 


Interior  Ring  j  ' 


,  agreen 


2.0522  - 


System  of  Jupiter. 

Table  (D). 

(20).  Definite  Arrangement  of  the  System. 


Satellctks. 

Law.                     Ratio. 

Fact, 

h.—F. 

IV. 

III. 
II. 

I. 

26.99835)    _^,,,,,3l 

15.35302* 
9.6214t!^=l'^^^« 
0.04934|  r=  1.5905 

26.9!t835 
15.3502i 
9.6334T 
e.04S53 

0.000 
+  0.002  — 
—  0.002 
+  0.001  — 

Here  r  =  r'f,  or  /—  rl ;  and  the  value  of  /  regularly  diminishes  by  0,0051. 

'  The  accepted  values  In  the  column  of  Fact  agree  very  closely  with  the  very  careful  deductions 
of  Capt.  Jacob,  from  his  own  observations  (Memoirs  of  ilie  'Royal  Astronomi/ial  Society,  vol.  xxviii. 
p.  108).  These  are  referred  to  Titan's  distance  aa  the  standard;  and  when  measured  hy  Saturn's 
eq.  radius  give  for 

Ehea 9.5562  instead  of  9.5528. 

Dione 6.8445      "         "    fi.8398. 

Tetliys 5.3470      "        "    5,3396. 

Enceladus       .         .         .         .     4,330T      "         "    4.3125. 
*  See  Note  1  to  (U). 
'  Of  these  relatioDS,  and  what  else  is  connected  wifli  them,  more  hereafter  in  Section  III. 
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System  of  Uhanus. 


(21)  Approximate  Arrangement. 


Satellites. 

Muan  Diafaiice 
from  Planet. 

Riitios. 

Oberon 

Titania 

Uiribrid 

Ariel 

22.56 
1R.92 

^40 

1.3333 

(1.3913)^=1.6411 
1.3932 

Here  r  =  f'i,  or  r  = 
.n  the  planetary  system. 


r~:  and  the  value  of  /  increi 


5  r  did  (but  regularly) 


Summing  'tip  of  Relations  of  Mean  Listances  from  ikeir  Respective  Centres. 

(22)  lu  the  Phmetary  System,  the  value  of  the  leading  ratio  r  is  at  first  1.7770, 
and  the  regularly  progressive  increase  of  its  value  afterwards,  from  term  to  term 
=  0.0138.     Also  /  =  7-5 ;  and  7^  =  r>. . 

In  the  System  of  Satv/rn  r  =  1.28273,  /  ~  r1,  and  r"  =  r' ;  and  all  the  ratios 
are  constant.     Moreover,  for  the  two  outermost  rings,  r"'  ==  rt  =  (r)-- 

In  the  System  of  Jupiter  we  have  /=  rj;  /,  at  first,  =  1.6007;  and  the  regu- 
larly progressive  decrease  of  its  value  =  0.0051. 

In  the  System  of  Uranus  7^  =  rl;  and  the  value  of  /  shows  an  viicrease  from 
term  to  term. 

Additional  Feature  of  Resemblance  of  Two  Half- Planets, 

(23)  The  inclination  of  the  equator  of  Venus  to  the  plane  of  that  planet's  orbit, 
does  not  seem  to  have  been  accurately  determined,  but  it  is  usually  stated  to  be 
nearly  72°;  the  rotation  of  the  planet  (as  is  usually  the  case)  being  direct. 

In  the  Montldy  Notices  of  iJie  Royal  As'ronomieal  Society,  vol.  xxiii.  p.  166  (Jan. 
1873),  W.  Bujfham,  Esq.,  as  a  merely  approximate  result  as  yet,  makes  the  incli- 
nation of  the  equator  of  Uranus  80°.^     "Movement  direct." 

The  orbits  of  the  satellites  are  inclined  to  the  ecliptic  at  an  angle  of  about  79°; 
and  iJieir  motion  is  retroi/rade. 

These  two  half-planets,  then,  though  near  to  the  two  extremes  of  the  system, 
are  again  alike;  viz.,  in  the  great  inclinations  of  their  equators,  as  well  as  in  the 
direction  of  their  rotations. 


'  IiH'lination,  vi 
lit  is  about  19i' 


,  to  the  plane  of  the  ecliptie 


iclination  to  the  plune  of  tiic  planet's  own 


Hosted  by 


Google 


CERTAIN    II  AK  MO  NIKS    OF   TJIK   SO  J.  A 11   SYSTKM. 


el'IOTION    III. 

AITLICATION  OK  THlWltKTICAr,  CONSIDKUATtONS  AN])  TllK  1)I';VKI.01'.MKNT  01''  Ol'l!KI4 
ItKLATlONS. 

(24)  The  fui'tlun-  disuussion  of  the  relations  exhibited  in  Section  II.  will  be 
aided,  and  ciicumlocntion,  at  the  Siime  time,  avoided,  by  the  introduction  of  con- 
siderations Iiaving  reference  to  tlie  Nebular  J fypoihcsis  of  Laplace;  and  this  espiv- 
cially  in  the  exposition  of  otiier  relations,  the  investigation  of  whieli  was  prompted 
by  suggestions  fnmisbcd  by  the  application  of  this  very  hypothesis  somewhat 
extended  and  modified,  in  a  manner  now  to  be  specified. 

In  the  exposition  of  his  liypotliesis,  its  illustrious  autlior  supposes  the  atmos- 
phere of  the  rotating  Sun  to  have  extended,  in  ancient  times,  to  the  limit  (or,  when 
iit  the  furtliest,  very  near  to  the  limit)  at  which  the  centrifugal  force  of  rotation 
must  have  balanced  the  force  of  attraction. 

Xliat  afterwards — the  atmosphere  shrinking  from  loss  of  heat— the  rotation  (for 
reasons  which  he  specifies)  would  be  accelerated  as  the  atmospheric  molecules  drew 
nearer  to  the  centre  of  the  Sun,'  and,  that  the  limit  in  the  plane  of  the  Sun's 
equator,  at  which  the  two  forces — 

centripetal  and    centrifugal  —  would l'''g-  ' 

balance    one    another,  would,   there- 
fore, be  found  further  and  further  in.* 

That  thus  succe-ssively,  at  new 
limits  in  tlie  plane  of  the  Sim's  eqiia- 
tor,  further  and  furtlier  inward,  the 
eentrifngal  and  centripetal  forces 
would  indeed  balance  one  another;  insoninth  (h  it  fin  f/iin  and  mtnoto  /  iica  thus 
in  cquilihrio  in  the  plane  of  the  equator  (tluj  h  untgno  tmduKj  tithci  to  fall  ni  oi 
to  be  thrown  o(i')i  "'""hi  tliemsclves  be  "abaiiduned"  by  the  almosphere  ni  its 
farther  shrinkage.^ 

(25)  The  description  then  goes  ou  to  state  that  the  same  equilibrium  of  forces 
not  existing  with  respect  to  the  atmospheric  molecules  situated  on  tlie  parallels  to 

'  'i'iio  loss  of  liont  will  not  nfl'oct  the  iiioinont  of  votnlioii — tlic  turimnj  power — nnrt  every  mole- 
cule (becftiise  of  tlio  shvliikngc)  having  a  stiovtcr  circuit,  will  accom|ilisli  it  in  /ess  time.  Tlicu  also, 
as  shown  herenfter,  tlioro  wilt  be  some  nccelernliou  of  flic  actual  velocUy.  The  original  |»hvaseology, 
as  it  were,  aiiUcipates  this  also,  ami  pvovitlcs  for  botli.  "  La  rotation  doit  dire  pins  prompte,  qaand 
CC3  molecules  sc  rapprochciit  du  eoufre  du  solcil."— /t^aymsjtow  ilit  Syslime  da  Sfonde.     Kglc  VIJ. 

'  The  centrifugal  force,  in  nccordnnco  with  its  law,  increasing  at  a  move  rapid  Fate  than  the 
attractive  force;  the  ccntrifuBol  force  (with  conservation  of  areas)  varying  invorsoly  as  the  cnlio  of 
the  distance,  instead  of  inversely  as  Ihc  stiuaro  of  the  distanco,  so  tliat,  at  a  distance  a  lillle  wilMn 
the  atmospheric  limit,  and  at  which  the  atfractivo  force  was  fltil!  BOinewhat  in  exceas,  it  would  soon 
happen  that  a  small  increase  of  both  forces  (from  Ihe,  shrinkage  of  the  material)  would  result  in 
increasing  the  eentrifngal  force  bo  much  move  rapidly  as  to  exhaust  the  difference  of  the  two  forces, 
and  leave  the  nebulous  malcrin!  ready  to  be  "  abandoned." 

'  Very  different  this,  from  the  sup])Osition  of  many  misinformed  persons,  that  the  rings  here 
spoken  of  were  Ihrovm  off'  by  ah  excess  of  centrifugal  force. 
S         Novenibor.  1874. 
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the  solar  equator,  these  molecules  would,  by  their  attraction,  be  brought  closer  to 
the  atmosphere,  in  the  progress  of  its  condensation,  and  would  not  cease  to  belong 

to  it  until,  in  consequence  of  this 
Fig,  3.  motion,  they  were    brought   nearer 

to  the  plane  of  the  equator,-' 

(26)    The    description    proceeds, 
saying  of  these  "zones  of  vapor" 
(or  rather  nebulous  zones)  succes- 
sively abandoned,  that  these  zones, 
must,  in    all   probability,    form   by 
their  condensation  and  the  mutual 
attraction  of  their  molecules,  diverse  concentric  nebulous  rings  circulating  around 
the  Sun.     The  mutual  friction  of  the  molecules  of  every  ring  must  accelerate  some 
and  retard  others,  until  all  had  acquired  the  same 
angular  motion.     And  (when  all  this  went  round 
together)  the  actual  velocity  of  molecules  further 
from  the  centre  would  be  greater  than  that  of 
those  nearer;   the  parts  neat  the  outside  of  the 
ring  going  uniformly  round  in  a  large  circuit,  in 
the  same  time  in  which  those  nearer,  also  moving 
uniformjy,    described    a    smaller   circuit.      Thus, 
with  time  the  same,  the  angle  AGB  being  the 
same  for  both,  the  part,  such  as  AB,  is  greater 
than  the  similar  part  ah  of  the  smaller  circuit;* 
and  the  pari  of  AB  described  in  a  unit  (say  a 
second)  of  time,  greater  than  the  similar  part  of 
ah;  i.e.  the  actual  velocity  in  AB  is  greater. 
(27)  Besides  all  this,' in  the  progress  inward  of  the  particles  forming  the  nebul- 
ous rings,  the  actual  velocity  of  rotation  of  those  particles  would  he  increased  confor- 
mably to  the  principle  of  the  conservation  of  areas;  which  requires  that  an  area 
such  as  AGB,  in  the  figure,  should  continue  to  be  passed  over,  by  the  rotation  of 
CB,  in  the  same  time;  so  that  if  AC  and  .BC  be  shortened,  the  figure  must  be 
broader  to  preserve  its  size,  or  the  distance  BA,  traversed  in  the  same  time  must  be 
greater  than  before  ;  i.  e,  the  particle  must  move  fa^sier  along  BA  ;  while  the  par- 
ticles attracted  toward  the  others  outtoard,  and  then  forming  the  inner  part  of  the 
ring,  would,  in  obedience  to  the  same  principle,  have  their  actual  velocity  of  rota- 
tion diminished. 

(38)  Then  if  all  the  molecules  of  the  nebulous  ring  continued  to  condense  with- 
out being  disunited,  they  would  at  length  form  a  liquid  or  a  solid  ring.^  But  the 
regularity  requisite  in  such  a  case,  in  every  part  of  the  ring  and  also  in  its  cooling, 
must  make  this  a  very  rare  phenomenon.  Accordingly  the  solar  system  aiFords  buj; 
a  single  example  of  this  kind — that  of  the  rings  of  Saturn. 

■  The  diagrams  are  our  own.    M.  Laplace  employs  none  in  his  Exposition  du  Systeme  dii  Monde. 

"  Tlie  difference  being  ^/ic. 

"  Or  a  ring  of  small  solids  closely  avmnged,  as  seems  to  be  actually  true  of  the  rings  of  Saturn, 
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(29)  But  almost  always,  the  nebulous  ring  must  have  broken  into  several  masses, 
which,  moving  with  velocities  but  slightly  different,  would  continue  to  circulate  at 
the  same  distance  from  the  sun. 

These  masses  would  take  a  spheroidal  form  with  a  motion  of  rotation  in  the  direc- 
tion of  their  motion  of  revolution  (from  west 
to  east),  because  of  the  inferior  molecules 
(26),  having  less  actual  velocity  than  the 
superior ;  and  thus  would  soon  be  formed  so 
many  nebulous  planets.  But  if  one  of  these 
were  sufficiently  powerful  to  bring  together 
successively,  by  its  attraction,  all  the  others 
about  its  own  centre,  the  nebulous  ring 
would  then  be  transformed  into  a  single 
nebulous  spheroidal  mass  revolving  around 
the  sun,  and  having  a  rotation  in  the  direc- 
tion of  its  revolution.  This  last  has  been 
the  most  common  case ;  though  the  solar 
system,  nevertheless,  furnishes  an  example 
of  the  first  case,  in  the  small  planets  which 
revolve  between  Mars  and  Jupiter,  at  least 
if  we  do  not  suppose  with  Olbers  that  they 

primitively  formed  a  single  planet,  which  a  powerful  explosion  divided  into  several 
parts  animated  with  different  velocities. 

(30)  Now  if  we  follow  the  changes  which  an  ulterior  cooling  would  produce  in 
the  nebulous  planets  of  which  we  have  come  to  conceive  the  formation,  we  shall 
see  form,  at  the  centre  of  each,  a  nucleus  incessantly  increasing  by  the  condensa- 
tion of  its  surrounding  atmosphere, 

(31)  In  this  state  the  planet  would  perfectly  resemble  the  sun  in  the  nebulous 
state  in  which  we  considered  it.  The  process  of  cooling  most  then  produce,  at  dif- 
ferent limits  in  its  atmosphere,  phenomena  similar  to  those  which  we  have  described ; 
that  is  to  say,  rings  and  satellites  circulating  around  its  centre  in  the  direction  of 
the  planet's  own  rotation,  and  turning  at  the  same  time  (the  satellites  that  is)  upon 
themselves.  The  regular  distribution  of  the  mass  of  the  rings  of  Saturn  about  its 
centre,  and  in  the  plane  of  its  equator,  results  naturally  from  this  hypothesis,  and 
without  it  becomes  inexplicable.  "  The  rings"  (exclaims  the  framer  of  the  hypo- 
thesis) "  appear  to  me  to  be  an  ever-present  proof  of  the  primitive  extension  of 
the  atmosphere  of  Saturn,  and  of  its  successive  retreats,'" 

(32)  He  then  proceeds  to  say  that  the  singular  phenomena  of  tbe  small  eccentricity 
of  the  orbits  of  the  planets  and  the  satellites,  of  the  small  inclination  of  those  orbits 
to  the  solar  equator,  of  the  identity  of  direction  of  rotation  and  revolution  of  alP 


'  "Mo  paraisseut  etre  dea  preuves  toujoura  subsistantes  de  I'extension  piimitiTe  de  I'atmosphfere 
de  Saturn,  et  do  ses  retraitea  auecessivee." 

'  Difference  of  density,  etc.  might  cause  the  rotation  of  a  satellite  in  a  rare  case  to  be  in  a  con- 
trary direction,  as  is  true  of  the  orbital  motion  of  the  satellites  of  Uranus.* 
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these  bodies  with  that  of  the  rotation  of  the  sun,  flow  from  the  hypothesis  which 
he  proposes,  and  give  to  it  great  probability,^ 

(33)  It'  the  sohvr  system  had  been  formed  with  perfect  regularity,  the  orbits  of 
the  bodies  which  compose  it  would  have  been  circles,  the  planes  of  which,  as  well 
as  those  of  their  several  equators  and  rings,  would  have  coincided  with  the  plane 
of  the  solar  equator.  But  we  may  conceive  that  the  innnraerable  varieties  which 
must  exist  in  the  temperature  and  density  of  the  different  parts  of  those  great 
masses,  have  produced  the  eccentricities  of  their  orbits,  and  the  deviation  of  theii 
motions  from  the  plane  of  that  equator. 

(34)  The  author  then  goes  on  to  show  that,  on  this  hypothesis,  the  comets  are 
strangers  to  the  system,  formed  by  the  condensation  of  nebulous  matter  elsewhere, 
but  drawn  in  when  they  come  into  the  region  in  which  the  attraction  of  the  sun  is  pre- 
dominant ;  and  he  then  proceeds  further  to  show  that  this  will  account  for  all  the 
peculiarities  of  their  motion,  as  well  as  the  variety  in  the  inclinations  of  their  orhits, 

(35)  M.  Laplace  then  adds  that,  if  in  the  zones  abandoned  by  the  atmosphere  of 
the  sun  there  were  found  molecules  too  volatile  to  unite  to  one  another,  or  to  the 
planets,  they  ought,  while  continuing  to  circulate  around  the  sun,  to  present  all  the 
appearances  of  the  Zodiacal  Light,  without  opposing  sensible  resistance  to  the  several 
bodies  of  the  planetary  system,  either  hecause  of  their  extreme  rarity,  or  because 
their  motion  is  the  same  with  that  of  the  planets  themselves, 

(36)  In  all  that  has  now  been  stated,  which,  for  the  most  part,  is  a  translation, 
or  else  a  paraphrase  of  M,  Laplace's  Note  VII.  to  his  Exposition  du  Systeme  du 
Monde,  in  all  this,  there  has  been  no  allusion  to  the  operation  of  another  cause, 
which  may  well  have  produced  changes  in  the  nebulous  material,  antecedent  to 
those  which  have  been  already  contemplated.  The  solar  atmosphere,  when  at  its 
largest  extent,  must  also  have  had  a  very  oblate  form,  and  the  portions  near  to  the 
pole  of  the  rotating  sun,  because  of  the  superior  density,  and  close  proximity  of  the 
sun's  body,  have  been  subjected  to  an  attractive  force  greatly  superior  to  that  pre- 
valent (or  barely  in  equilibrio)  in  the  equatorial  regions, 

(3T)  Now  a  greater  attractive  force  acting  on  nebulous  matter  increases  the 
local  density  where  the  force  is  thus  urgent;  as  is  manifest  from  what  we  observe 
in  the  nuclei  of  comets.  But  a  greater  density  of  the  same  sort  of  material  is 
accompanied  by  a  more  prqf use  radiation  of  heat.  All  this  could  not  fail  to  produce 
changes  in  the  actual,  as  well  as  angular,  velocity  of  the  portions  thus  aifected, 
which  would  not  conform  to  the  changes  of  both,  then  going  on,  in  the  regions 
nearer  to,  or  at  the  equator,^  A  rending  of  the  material  of  the  atmosphere  must 
thus  result,  perpetuating  itself  all  round  the  sun,  so  long  as  the  portions  most 
affected  were  not  detached  to  the  extent  of  "abandonment," 

There  might  still  be  a  tendency  in  the  portions  thus  separated  by  the  rent  from 
those  parts  still  closely  attached,  to  preserve,  at  least  .rudely,  an  approximation, 
even  in  their  exterior  surface,  to  the  spheroidal  form;  the  situation,  at  any  given 
distance  from  the  axis — when  once  that  situation  has  been  attained — presenting 
the  same  ratio  there  of  centripetal  and  centrifugal  forces;  since,  in  so  far  as  density 

'  Veri similitude  rather — "  vraisemblance." 

'  To  say  nothing  of  the  molecular  changes  which  might  he  superinduced  by  the  condensation  itself. 
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is  concerned,  the  centrifagal  force  at  the  extremity  of  the  radius  of  rotation,  would 
be  as  the  density,  and  the  attractive  force,  still  acting  at  the  same  angle  with  the 
plane  of  the  parallel,  be  also  as  the  density,  so  that  the  element  of  density  being, 
in  effect,  all  but  excluded  from  the  comparison,  there  would  remain  very  nearly  the 
same  ratio  of  the  forces  as  before;  so  that  the  not  yet  "  abandoned"  portion  of  the 
atmosphere  would  scarcely  have  its  exterior  spheroidal  form  affected/ 

And,  although  the  case  is  not  just  the  same,  divisions  into  something  like  sphe- 
roidal shells  resembling  those  here  supposed  may  be^ 
traced  in  the  representations  of  the  heads  of  comets,  ^'S-  ^- 

among  others  that  of  1680,  as  represented  in  Plate 
VI.  of  the  third  volume  of  Delambre's  Astroiiomie 
ThioHque  et  Pratique ;  the  same  being  copied  from 
the  Histoire  CSleste  of  Lemonnier.  The  appearance 
in  question  is  yet  more  conspicuous  in  the  represen- 
tations of  the  head  of  the  great  comet  of  1858,  given 
by  Prof.  G.  P.  Bond,  in  Vol.  III.  of  the  Ann^ds  of 
the  Observatory  of  Harvard  College,  A  very  faithful 
copy  of  one  of  these  is  here  given. 

(38)  Now,   the  partially   condensed   shell    thus 

formed  (if  indeed  admissible)  must  itself  have  exerted  a  conservative  power  in  pre- 
venting the  too  frequent  occurrence  of  cases  like  that  of  the  asteroids;  viz.,  by  an 
earlier  holding  together  of  the  greater  number  of  the  "abandoned"  equatorial  por- 
tions of  the  atmosphere  in  the  process  tending  to  form  rings  or  planets.^ 

Nay,  it  might  even  be  questioned  whether  the  more  dense  portions  of  the  atmos- 
phere, earlier  separated,  may  not  in  their  progress  toward  the  equatorial  plane, 
described  in  (25),  have  arrived  at  the  state  of  equilibrium  of  the  forces,  before  the 
equatorial  portions  were  ready  for  the  same  ;  and  so,  the  formation  of  a  planet  have 
gone  on  thus  far,  from  a  shell  instead  of  a  ring. 

Just  one  change  more,  to  be  followed  by  its  consequences,  might  then  have  taken 
place.  The  more  dense  portions,  being  the  _;irs(  about  to  be  "abandoned,"  might 
be  found  to  be  further  outward  than  the  rarer  equatorial  portions;  and  attaching 
the  latter  to  themselves  by  the  attraction  due  to  a  greater  density, 

(39)  Now,  the  special  arrangements  of  the  two  half-planets,  Earth  and  Venus,  are 
as  though  what  has  here  been  discussed  and  explained,  were  entirely  applicable  to  tliem. 

'  Though  the  ellipticity  of  the  same  might  be  appreciably  cliangert, 

"  Which  may  indeed,  in  part,  be  consequent  on  the  changes  adverted  to  in  A'oie  2,  on  p.  20. 

=  The  oblate  form  of  the  spheroid  here  alluded  to ;  the  more  profuse  radiation  of  heat  dne  to  a 
greater  condensation  of  the  nebulous  material  in  the  polar  region;  and  the  division  of  tho  envelope 
into  sheila  were  all  insisted  upon  by  the  author  of  this  paper  in  a  communication  made  by  him  to 
the  American  Association  for  the  Advancement  of  Science,  at  their  meeting  in  Montreal,  in  185Y. 
The  idea  of  a  more  profuse  radiation  of  heat  from  the  polar  regions  seems,  since  that  date,  to  have 
independently  occurred  to  others;  and  a  profound  and  thorougli  investigation  of  the  form  of  the 
oblate  solar  spheroid  and  its  variations,  as  also  of  the  density  of  the  solar  atmospbere,  at  the 
various  planetary  distances,  the  relative  breadth  of  the  rings,  etc.,  though  without  reference  in  that 
connexion  to  a  more  profuse  polar  radiation,  is  gipen  by  I>avid  Trowbridge,  A.M.,  in  vol.  xxxviii. 
(Second  Series)  of  the  American  Journal  of  Science  and  (he  Arts,  Nov.  IS64. 
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of  the  Half-Planets  Earth  and  Venus. 

1,  In  accordance  with  the  immediately  preceding  conclusion,  the  exterior  half- 
planet,  the  Earth,  not  merely  shows  a  density  greater  than  that  of  its  interior 
half-planet  Venus,  but  also,  as  seen  in  Table  (A),  in  (3),  a  density  altogether  re- 
markable in  view  of  the  Earth's  place  in  the  planetary  system. 

2.  The  inclination  of  the  equator  of  Venus  to  the  plane  of  that  planet's  orbit 
(from  73°  to  75°,  most  probably)  presents  a  marked  contrast  to  what  we  find  in 
the  cases  of  Mercury,  the  Earth,  and  Mars,  in  all  which  the  inclination  of  the 
equator  approaches  to  a  mean  value  that  is  nearly  the  same  with  the  obliquity  of  our 
equator  to  the  ecliptic;  and  this,  while  a  like  contrast  does  not  exist  in  the  respect 
of  the  time  of  rotation  (the  sidereal  day)  of  Venus ;  for  that  is  nearly  the  same  with 
each  of  the  respective  sidereal  days  of  these  same  other  three  planets,  in  this  region 
of  the  system.  But  the  inclination  of  the  equator  of  Venus  is,  up  to  the  present 
time,  without  a  parallel  xp.  all  the  system,  except  in  the  instance  of  another  half 
planet,  viz.  Uranus,^ 

And  here  the  state  of  things  is,  withal,  as  though  the  enormous  deviation  of  the 
plane  of  the  equator  from  the  plane  of  the  planet's  own  orbit  (and  which  implies 
also  a  very  large  deviation  from  the  plane  of  the  sun's  equator)  were  itself  dm  to 
the  attraction  towards  the  more  dense  outer  portion,  already  commented  on,  which 
went  to  the  formation  of  the  Earth ;  an  attraction  acting  in  a  direction  nearly  per' 
pendiaiilar  to  the  half-planet's  first-forming  equator  and  its  parallels. 

Thus  the  material,  at  its  first  rolling  up  from  the  form  of  a  ring  or  shell, 
would  be  inclined  to  rotate  in  the  plane  of  JSW,  but  being  drawn  outward  by  the 
attraction  of  the  more  dense  material  in  the  direction  EN,  the  resultant  rotation 
would  be  in  a  direction  such  as  EO,  as  represented  in  the  figure  at  1,  and  trans- 
ferred to  the  position  marked  2. 


All  this  might  begin  antecedently  to  the  process  of  rending  wbi{;b  introduced 
the  formation  of  half-planets,  or  perhaps  go  on  during  that  very  process ;  in  which 


'  During  the  revolution  of  a  wLoIe  ring  or  shell  around  the  sati,  every  part  of  the  outside  would 
be  presented  once  in  its  turn  to  the  entire  circuit  of  the  heavens ;  and  so  in  effect  would  rotate  once 
around  a  point  within  that  ring  or  shell.  This  would  determine  the  angular  velocity  of  rotation  at 
the  first  gathering  up  to  form  a  planet.  The  existence  of  more  dense  material  outside  would  seem 
not  to  have  superinduced  a  retrograde  rotation  in  this  case ,  bat  to  have  interfered  to  the  preventing 
of  an  accelerated  rotation,  and  thus  the  more  denie  material  be  kept  outside,  nntil,  in  the  contest  of 
forces,  the  rending  into  two  half-planet  masses  took  place  The  existing  state  of  things,  in  its  vari- 
ons  aspeete,  seems  to  look  toward  this;  but  the  problem  is  too  complicated  a  one  to  justify  an  asser- 
tion that  such  was  the  succession  of  events. 
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same  process  of  rending,  the  attraction  of  material  outward,  i.e.,  toward  the  more 
dense  Karth-forming  mass,  may  itself  have  heen  efficient.^ 

3.  The  division  of  material  into  two  half-planet  portions,  would  very  probably 
take  place,  at  what,  with  reference  to  the  revolution  around  the  sun,  was  the  centre 
(or  rather  the  central  line)  of  gyration  of  the  whole  mass  (at  the  distance  SO  in 
the  figure) ;  leaving  the  material  on  the  one  side  and  the  other  of  that  limit,  to  be 
gathered  into  the  half-planet  masses, 

each  around  its  own  special  centre  ^'g-  8, 

of  gyration  (at  C  and  C")  ;  which 
special  centre  would  be  that  due  to 
the  half-planet  itself,  when  formed. 

Making  use,  then,  of  the  half- 
planets  themselves  (gathered  at  C  J) 
and  C")^  and  finding  tlmr  centre 
of  gyration,  we  shall  approximate 
to  the  former  position  of  (C)  the 
centre  of  gyration  of  the  whole 
mass.  But  tliat  would  be  the  posi- 
tion of  the  whole  planet,  if  the 
material  had  all  gone  to  form  it, 
i.e.,  the  limit  (®5)  in  Table  (B), 
so  that  the  centre  of  gyration  of 
the  two  half-planets  should  be  found 
very  near  to  the  limit  (©5 )  in 
Table  (B),  in  (14). 

Now— with  the  masses  of  the  Earth  and  of  Venus  as  given  in  Table  (A),  in  (3), 
and  their  distances  as  given  in  the  column  of  Law  in  Table  (B)  in  (14) — from  Eq. 
C  in  (17),  we  have  for  the  distance  from  the  sun  of  the  centre  of  gyration  of  the 
Earth  and  Venus, 

with  sun's  horizontal  parallax  ^=  8".848,  C  =  0.88665 
"       "  "  "        =8.78,      0  =  0.88579. 

And  the  position  due  to  the  whole  planetary  limit  (©2)  in  Table  (B),  in  accord- 
ance with  Law  Ist  (10),  is 

(©9)^0.85101. 

4.  But  the  separation  of  the  material  into  two  half-planet  portions  would,  withal, 
take  place  at  the  limit  where  the  attractive  forces  of  the  forming  half-planets  were 
in  equilibrio ;  on  one  side  of  which  limit  the  material  would  be  gathered  (by  the 
excess  of  attractive  force  on  that  side)  in  the  formation  of  a  half-planet  toward 
that  side  ;  and  on  the  other  side  of  (the  neutral)  limit,  in  the  formation  of  another 


'  A  writer  in  the  Westminster  Seview,  vol.  Ixx.  (July,  1858),  baa  introduced  the  idea  of  a  greatly 
incliaed  rotation  in  a  thick  ring,  or  even  a  retrograde  rotation  ;  but  he  has  applied  it  in  a  region  of 
the  system  in  whicb  the  conditions  which  he  introduees  are  misplaced.  A  different  explanation  is 
applicable  in  the  instance  of  TJranns,  as  will  be  shown  hereafter. 

'  Which  will  scarcely  differ,  in  either  c^e,  from  the  very  centre  of  the  planet  itself. 
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half-planet  on  that  other  side  [as  they  are  represented  in  Fig.  8],  gathering  around 
C",  G",  the  one  on  the  one  side,  and  the  other  on  the  other  side  of  Ci>,  the 
dividing  limit  of  neutrality,  where  the  forces  being  equivalent  and  opposed  would 
be  in  equilihrio.  It  would  seem  then  to  be  desirable  to  ascertain  whether  the 
limit  thus  defined  will  agree  with  either,  or  nearly  with  both,  of  the  other  two 
determinations  already  made. 

Fig.  y. 

g— -^ @ f—~^ 


Now  when  two  planets  (Pand  P')  are  in  conjunction,  as  seen  from  the  sun  (at  S), 
the  position  of  the  point  {JSf),  at  which  their  attractions  would  be  equivalent  and 
opposite,  and  so  neutralize  one  another,  may  be  found,  as  is  well  known,  by  so 
dividing  the  distance  {PP')  between  those  planets,  that 

NP  _  Voi  mass  ot^'  ^ 
NF'" 


But,  in  the  act  of  the  rending  described  in  the  l^ote  on  p.  22,  portions  such  as  Q 
and  Q'  would  act  on  one  another  directly  (in  the  line  QQ')  very  much  as  would  two 
small  planets ;  and  so  the  neutral  point  (iV")  be  determined  as  before,  viz.  ;— 

QN __  V  of  mass  of  Q' [ 

g'N   y  of  "mWs  org ' 

And  the  local  obliqne  action  of  neighboring  portions  would  conform  to  very  nearly 
the  same  ratio ;  so  that  the  whole  action  within  distances  at  which  it  would  bo 
appreciable  would  have  its  neutral  limit  (N'NN")  dividing  the  distance  between 
the  points  of  reference  of  rupturing  airaular  masses  in  a  manner  approximating  to 
that  which  obtains  in  the  case  of  two  planets.  And  what  is  here  stated  of  them, 
might  also  be  asserted  of  the  sections  of  shells,  parallel  to  the  equatorial  rings, 
with  approximately  the  same  result  as  to  the  dividing  limit. 

Making  use  then,  as  heretofore,  of  the  half-planets  themselves,  as  accumulated 
around  what  were  their  respective  points  of  reference,  while  yet  their  masses  were 

'  The  point  N  is  one  of  the  limits  of  Prof.  Kirkwood's  spheres  of  attraction,  made  use  of  in  his 
Analogy. 
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ill  tlic  former  state;  wc  shall,  by  the  application  of  the  equation  here  adopted,  in 
effect  obtain  QN  or  Q'N,  and  hence  also  (SW,  the  distance  of  the  neutral  point  N 
from  the  sun's  centre.  With  the  same  data  from  Tables  (A)  and  (B)  in  (3)  and  in 
(14),  as  before,  we  shall  then  have  « 

with  the  sun's  horizontal  parallax  8".844:8,     ,SW=      0.85383,       1 
and  with    "  "  "         8 .78     ,     8N  0.85459.       J 

While,  (14),  limit  (®?)  due  to  a  whole  planet  dis- 
tance in  Table  (B),  is .         .         .         .  0.85101, 
exhibiting  all  but  a  perfect  coincidence  ;  while,  as 
before,   the  distance  of  the  centre  of 

^.       ,.        ,,  ,         ^  c-/^        )  0.88665,  or  1 

gyration  trom  the  sun  s  centre      .         .      oO  ==  ■;  ^  QcrivQ        ( 

(40)  Summing  up  then  the  specialities  of  the  two  half-planets,  Earth  and  Venus, 
which  are  consistent  with  the  theoretical  considerations  now  exhibited,  we  have 

1.  In  accordance  with  the  conclusion  in  (39),  the  greater  density  of  the  exterior 
halt-planet,  the  Earth. 

2.  The  tiltinff  up  (if  the  expression  be  allowable)  of  the  equator  of  Venus  and 
its  parallels — as  if  by  the  attraction  outward,  due  to  that  same  greater  density — in 
the  antecedent  arrangement  of  the  half-planet  masses. 

3  and  4.  The  decided  approximation  to  agreement  in  position  of — 
{<))  The  whole  planet  limit  (©?)  in  Table  (B). 

(b)  The  neutral  point,  or  point  of  equal  attraction  between  the  two  half-planet 
masses,  and 

(c)  The  distance  from  the  sun's  centre  of  the  centre  of  gyration  of  the  same 
two  half-planet  masses,  thus — 

(®9)=:3  0.851  -f- 
Neutral  position  is  at  0.854  + 
Centre  of  gyration  is  at  0,886  i 

Detern'ination  of  tlie  Mass  due  to  a  Half-Planet  ©*  [now  missing),  inte'i^wr  to 
Uranus, 

(41)  The  distance  due  to  such  a  half-planet  has  already  been  determined  in 
accordance  with  Law  Sd,  (10),  and  the  salne  is  recorded  in  Table  (B),  in  (14). 

The  mass  of  this  half-planet  may  be  determined  by  moans  of  the  equation  for 
the  centre  of  gyration  of  it  and  Uranus ;  the  case  being  similar  to  that  of  the 
Earth  and  Venus,^  and  the  whole  planet  limit  here  being  limit  (f),  in  Table  (B). 

Now  let  a'  represent  the  mean  distance  of  Uranus  from  the  sun,  and  m'  the  mass 
of  that  planet ;  whilo  a  and  m,  respectively,  represent  like  quantities  in  the  instance 
of  5;.  Then,  as  limit  (u)  represents  the  position  due  to  the  centre  of  gyration, 
Ug.  (c)  of  (17),  will  read 


'  "But  here  the  agreement  of  the  position  of  the  centre  of  gyration  with  the  whole  planet  limit, 
will  have  this  favoring  condition  ;  that  under  the  less  stringent  circumstances,  in  tbis  region  of  the 
planetary  system,  it  is  not  probable  that  any  considerable  portion  of  the  more  dense  material  was 
carried  to  the  outside,  in  the  half-planet  formation  (or  the  tendency  to  it),  as,  (39),  seemed  to  have 
been  trae  in  the  instance  of  the  Earth. 

4         Deoember,  1ST4. 
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(U) 


(U/  = ■ ; — ;  whence 

7n(U)^  +  7?i'(U)^  =^  m'.a'^+  Tii.d?;  and 

1 1  (U)^~  a^  I  ^.  m'  I  a'^-  (U)^  I ;  and 

d'  -  (\5f 
in  =  tytt?-^^ — a  X  m  ;  or 


a'+(U)  x(a'-(U) 


(U)  +  a  X  (U)  -  a 

which,  as  a',  (U),  and  a  are  all  determined,  will  give  us  m  in  terms  of  tH. 

Substituting,  then,  the  values  of  a!,  (U),  and  a,  as  found  in  the  column  oi  Laio 
in  Table  (B),  in  (ll),  we  have 

m^(1.38865X 
i.  €.,  the  mass  of  S*  =  (1.38865)  of  the  mass  of  Uranus  ;  or,  substituting  the  value 
of  the  latter,  as  found  in  Table  (A),  iu  (3),  we  shall  have 

Mass  of  @i  =  j5^  =  0.00006312-  of  the  mass  of  the  sun. 

The  most  probable  Answer  to  tlie  Question — What  has  lecome  of  (he  Missing  Mass? 

(42)  The  most  ready  reply  to  this  question  would  seem  to  be — that  the  missing 
mass  had,  (29),  been  formed  into  a  group  of  asteroids.  But  then,  as  this  region  of 
the  planetary  system  is  one  in  which  large  masses  abound,  it  would  also  seem  that 
the  mass  of  a  group  of  asteroids  here,  might  reasonably  be  supposed  to  be  very 
considerable,  even  if  the  computation  already  made,  (41),  had  not  indicated  this  very 
mass  to  be  almost  1-^  that  of  Uranus. 

And  if  these  considerations  are  conceded  to  have  weight,  the  existence  of  the 
seemingly  missing  mass,  in  the  form  of  a  group  of  asteroids,  becomes  at  once  inad- 
missible; since,  if  such  a  group  were  there,  its  existence  would  speedily  be  evi- 
denced by  the  perturbations  of  both  Uranus  and  Saturn,  which  such  a  gi-oup  would 
produce. 

(43)  Rejecting,  then,  the  hypothesis  of  the  existence  of  a  group  of  asteroids  in 
this  region,  the  next  hypothesis  which  it  may  be  found  to  he  appropriate  to  con- 
sider will  be,  whether,  in  the  accumulation  of  the  great  mass  which  was  to  consti- 
tute Saturn,  the  material  which  would  have  formed  the  interior  half-planet  Si  was 
not  itself  drawn  over  and  inward  hy  the  overmastering  attraction  of  the  Saturn- 
forming  mass,  which  thns  attached  to  itself  the  interior  half-planet  mass  rent  away 
from  TTranus. 

In  favor  of  this  hypothesis  we  shall  ^sid  ten  spedal  consistencies,  which  in  their 
turn  will  introduce  others,  having  more  extended  relatimis. 
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1. 

The  ma^s  of  the  forming  Saturn  would  be  adequate  to  the  exercise  in  its  own 
place  of  the  o'ermastering  attraction  here  supposed. 

For  if  from  the  mass  of  Saturn,  as  found  in  Table  (A)  ia  (3)  ;  viz. :  -~ 

--^-  ^0.00038558+, 
3501.6 

wc  subtract  the  mass  of  Si  =  0.00006312+, 


as  computed  in  (41),  there  will  remain  0.00022246  -t-, 

for  the  mass  of  the  forming  Saturn;  before  the  mass  due  to  the  interior  half-planet 
gi,  had  been  drawn  over  and  inward  to  unite  with  the  other  portion  of  the  entire 
mass  which  has  gone  to  constitute  the  complete  Saturn  system  as  we  now  have  it. 

Now  as  the  symbol  for  Saturn  is  ^i,  we  may  represent  this  iirst  formative  portion 
of  that  planet's  mass  [which  we  just  now  found  to  be  =  0.00022246 +]  by  the 
symbol  i^.  And  then  computing  the  position  of  the  point  of  equal  attraction,  or 
neutral  point  [as,  heretofore,  (39),  in  the  case  of  Earth  and  Venus],  we  shall  find 
^'s  attraction  to  extend  in  the  direction  of  Uranus,  to  the  distance  from  the  sun's 
centre  =  to  16.40924,  which  is  far  beyond  the  distance  duo  to  the  (missing)  interior 
half-planet  Si  (viz.,  14.64275)  as  found  in  Table  (B),  in  (14).  The  attractive  force 
of  the  pre-existing  Saturn-mass  was,  then,  adequate  in  measure  to  the  effect  here 
supposed. 

2. 
But  this  same  limit,  16.409i24,  to  which  the  attractive  force  of  i^  extended,  in 
the  direction  of  Uranus,  this,  also,  is  not  so  very  far  slwrt  of  the  limit  (U),^  *.  e., 
16.91431,  at  which  the  whole  planet  mass  would  be  likely  to  be  rent  to  form  the 
two  half-planets,  Uranus  and  Si;  it  being,  in  that  respect,  a  limit  analogous  to  that 
found  to  be  a  dividing  limit  in  the  case  of  Earth  and  "Venus  in  which  both  the  half- 
planets  still  exist 


The  very  great  inclination  of  the  satellite  system  of  Uranus  to  the  plane  of  the 
planet's  orbit  was,  long  ago,  determined  hy  Sir  William  Hcrschel ;  the  incHnation 
of  the  orbits  of  the  satellites  to  the  plane  of  the  ecliptic  being  nearly  79°;  and  the 
inclination  to  the  plane  of  the  orbit  of  Uranus  must  therefore  be  nearly  79°1V 
while  their  ascending  nodes  on  the  ecliptic  are  nearly  in  longitude  166j°;  motion 


And,  again,  the  recent  observations,  (23),  of  W,  Buffham,  Esq.,  detailed  in  the 
Monthly  Notices  of  the  Royal  Astronomical  Society,  voLxxxiii.,  No.  3  (Jan.  1873), 
lead  to  results  at  present  stated  by  him  to  be  "the  merest  approximations;"  but 
which  yet  give 

'   In  Table  (B),  in  (14).  *  Or  100°51)' ;  the  motion  being  retrograde. 
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Long,  of  the  asc,  node  of  the  equator    .....      110° 

Inclination  of  the  equator 80° 

Time  of  rotation  .........        12''  +; 

motion  direct. 

From  these  several  data,  it  would  seem  probable  that  the  equator  is  inclined 
about  T9|°  to  the  plane  of  the  planet's  orbit,  and  some  60°  to  the  orbits  of  the 
satellites. 

So  that  the  drawing  over  of  material  (i7iward  now,  and  not  outward)  due  to  the 
proximity  of  the  great  mass  of  \,  would  seem  to  have  produced  vn  the  direction  of 
the  plane  of  the  &{iKitoT  of  Uranus,  an  alteration  Jihe  that  which,  as  heretofore  shown, 
(39),  seems  to  have  taken  place  in  the  instance  <ff  another  half-planet,  Venus;  the 
tUting-up  (if  the  expression  may  again  be  tolerated)  being  quite  ^  great  in  this 
instance  as  in  the  other;  and  here  the  orbits  of  the  satellites  are  also  enormously 
displaced. 

4. 

In  the  instance  of  Venus,  it  would  seem  that  the  great  inclination  of  the  equa- 
torial plane  was,  (39),  brought  about  by  the  attractive  force  of  the  Earth-mass  of 
greater  density ;  but,  in  the  present  instance,  the  like  effect,  as  already  shown,  seems 
to  have  been  due  to  proximity  of  the  great  mass  of  f^;  though,  (3),  the  density 
of  the  existing  planet  Saturn,  as  exhibited  in  Table  (A),  is  the  least  in  the  whole 
planetary  system. 

But  even  that  is  here  found  to  be  a  fact  in  place.  For  the  drawing  over,  (41),  of 
a  mass  nearly  equal  to  It*?  of  that  of  Uranus,  from  a  region  in  which  the  mean 
density  of  the  nebulous  material  was  far  inferior  to  that  of  the  ■j^-raass,^  could  hardly 
fail  to  have  resulted  in  a  mean  density  of  the  existing  Saturn,  such  as  we  find. 


The  scrupulously  exact  coincidence  of  the  numbers  in  the  column  of  La/w  with 
those  in  the  column  of  Fact  in  Table  (B),  in  (14),  approaches  the  nearest  to  an  ex- 
ception, in  the  very  instance  of  Uranus;  the  existing  Uranus  being  0.374  of  the 
Earth's  distance  within  the  distance  due  to  Uranus  in  accordance  with  Law  2d,  in 
(10) ;  though  even  that  difference  is  less  than  -j^th  of  the  whole  distance  of  Uranus 
itself  But  this,  if  we  give  it  any  weight  at  all,  is,  again,  a  fact  in  place.  Uranus  in 
the  drawing  over  of  the  material  towards  i^,  may,  perhaps,  have  somewhat /«??en  m. 


The  acquisition  of  so  much  additional  material,  drawn  in  from  a  great  distance, 
must,  it  would  seem,  have  the  effect  of  giving  to  the  condensing  Saturn-mass  a 
much  more  oblate  form  than  that  which  would  otherwise  have  pertained  to  it ; 
which  seems  to  be  confirmed  by  the  fact  that  the  outermost  satellite  is  at  the  dis- 

'  For  tho  probaljle  ratio  of  the  donsitiea  here  in  question,  see  the  paper  of  Mr.  Trowbridge  already 
referred  to  in  the  Nole.  to  (33). 
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tance  of  more  than  64  radii  of  Saturn  from  his  centre ;  while  the  distance  of  the 
outermost  satellite  of  Jupiter,  measured  in  the  same  way,  is  scarcely  27  radii  of  its 
primary. 

And  the  comparatively  feeble  light  of  this  same  outermost  satellite  of  Saturn  is 
withal  consistent  with  a  low  density  of  that  satellite;^  a  fact  also  in  place,  in  view 
of  the  acquisition  of  a  less  dense  material  from  the  planetary  region  exteiHor  to  tlie 
ancient  Saturn  ^ :  the  outermost  satellite,  in  the  view  of  the  hypothesis  as  to  its 
formation,  being  most  probably  constituted  of  the  portion  the  least  dense  of  all. 

7. 

Such  being  the  special  form  and  constitution  of  the  Saturn-forming  mass — the 
formation  of  the  extensive  system  of  satellites  might  have  been  nearly  completed, 
in  advance  of  the  "abandonment"  of  the  material  which  now  constitutes  Saturn's 
rings  f  or  that  satellite  formation,  at  least  have  gone  so  far,  as  to  ke^  the  rings 
in  their  forjn  and  geiieral  arrangement,  while  Saturn,  condensing,  shrank  away 
from  the  rings,  yet  with  his  central  position  with  regard  to  them  (or  rather  their 
corresponding  arrangement  around  him)  preserved;  the  conservatice  power  of  the 
satellites,  in  these  respects,  being  exerted  in  those  very  ancient  times,  even  as  now.^ 

It  was  then,  it  would  seem,"  the  drawing  over  and  inward  of  the  material  which 
else  had  constituted  the  half-planet  between  Saturn  and  Uranus,  that,  as  has  been 
said,  gave  to  Saturn  and  to  hie  system  the  special  form  and  arrangements  that  ren- 
dered the  retaining  of  the  rings  as  rings  a  possibility;  which  has  made  them  an 
actuality;  made  Saturn  what  the  author  of  the  Novum  Organum  would  term  an 
"instantia  solitaris,"  in  the  solar  system. 


The  same  processes  of  the  transference  and  combination  of  material  here  insisted 
upon,  seem  also  to  have  affected  the  inclination  of  Saturn's  own  equator,  and  that 
of  almost  the  whole  Saturnian  System,  to  tJie  plane  of  the  planet's  orbit. 

For  this  great  planet's  equator,  and  his  rings,  and  the  orbits  of  his  satellites*  are 
inclined  at  an  angle  of  more  than  28°  with  the  plane  of  his  orbit ;  while  the  incli- 
nation of  Jupiter's  equator,  and  that  of  the  orbits  of  three  of  his  satellites,  does 
not  much  differ  from  3°. 

9. 

Another  relation  may  possibly  have  some  significance  in  this  connexion;  viz., 
the  ratio  of  the  periodic  time  of  the  interior  half-p.lanet  gi  to  the  periodic  time  of 
the  ancient  Saturn  i^. 

'  Not  tbat  the  piienomcnon  of  a  comparatively  feeble  light  would  absolutely  require  the  supposi- 
tion of  a  low  density;  bat,  as  stated,  the  one  thing  would  be  consistent  with  the  other. 

"  There  being  material  for  that  bo  far  outward  in  the  direction  of  the  plane  of  the  equator  of  the 
very  oblate  spheroifl,  or  near  to  that ;  the  spheroid  being  made  bo  yery  oblate  by  the  acquisition  from, 
without  of  the  material  of  Si. 

1  For  "  no  planet  can  have  a  ring,  unless  it  ia  surrounded  by  a  sufficient  number  of  properly- arranged 
satellites.  Saturn  seema  to  be  the  only  planet  which  is  in  this  category ;  and  it  is  the  only  one, 
therefore,  which  conld  sustain  a  ring." — Prof.  Peircc,  On  tlie  Constitntion  of  Saturn's  lling,  in  the 
Astronomicai  Journal  No    21,  p.  IS.  '  All  but  that  of  the  outer  one. 
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For  the  mean  distance  from  the  sun  of  the  (now  missing)  interior  half-planet  gi, 
and  that  of  Saturn  [as  recorded  in  the  column  of  Law  in  Table  (B),  in  (14)J  being, 
respectively,  14.64375  and  9.44511,  the  application  of  Kepler's  3d  Law  will  give 
us  tlie  corresponding  periodic  times;  and  then  the  measurement  of  the  greater  of 
these  by  the  less,  will  show  the  periodic  time  due  to  the  half-planet  gi  to  be  to 
the  periodic  time  of  the  ancient  Saturn  'i^  at  its  theoretical  distance,  in  the  ratio 
of  1.9303  to  1;  and  a  stiU  more  scrupulous  determination  of  the  data  in  question 
than  that  exhibited  in  Table  (B),  might,  perhaps,  show  the  ratio  to  be  very  accu- 
rately that  of  2  to  1.^ 

But  with  this  ratio  existing,  the  perturbations  of  one  of  the  masses  by  the  other 
at  their  nearest  approach  (intensified,  it  may  be,  by  eccentricity  of  form  or  of 
orbit;  or  otherwise)  would  recur  after  ei^ery  two  subsequent  revolutions  of  the 
iincient  Saturn  i^ ;  and  very  possibly  the  effect  of  those  perturbations  become,  in 
this  way,  cumulative ;  and  thus  the  passing  over  of  the  material  of  the  half-planet 
have  been  furthered  and  aided,  until  its  mass  was  absorbed  by  the  ancient  Saturn  \.^ 

10. 

It  is  not  inconsistent  with  all  that  has  just  now  been  stated,  that  the  term  for 
the  distance  of  Saturn  reported  in  the  column  of  Law  in  Table  (B)  is  less  than  the 
corresponding  term  in  the  column  of  Fact;  the  ancient  Saturn  ^  having,  as  it 
were,  been  drawn  outward  in  the  completion  of  the  catastrophe  of  the  absorption 
of  gi;  while  Uranus,  as  indicated  in  Consistency  5  of  this  scries,  may,  perhaps, 
have  soraewhat  fallen  in. 

11. 

The  (additional)  11th  of  these  consistencies  has  much  more  extensive  relations; 
some  of  which  will  here  be  exhibited  and  explained ;  they  being  especially  such 
as  are  comprehended  under  the  following  title :  — 

The  more  Ancient  Arrangement  of  ike  Material  of  ike  Planetary  System. 

For  if — always  adlisring  to  the  hypothesis  that  tlie  material  of  Vie  exisUng  Saturn  was 
increased  in  the  way  so  often  already  specified — we  endeavor  to  show  what  was  the 
more  ancient  combination  and  arrangement  of  the  material  of  tlie  solar  system  (viz., 
ere  the  rending  and  the  rupture,  of  which  we  'now  seem  to  find  traces,  were,  in  all 
their  extent,  accomplished),  we  shall  find  that,  by  regarding  the  masses  in  ques- 
tion (half-planets.  Asteroid  mass  or  masses,  etc.),  as  recombined  about  their  respec- 
tive centres  of  gyration,  and  then  ascertaining  the  positions  of  those  centres,  to  serve 
as  our  points  of  reference,  we  shall  thus  obtain  a  new  and  fully  justified  series  of 
terms,  in  which,  very  much  as  in  the  other  instances  of  leading  ratios  in  the  plane- 
tary, and  also  in  the  satellite  systems,  every  term  will  have  a  ratio  to  the  next 


'  The  distance  of  Si  being,  as  stated,  14.64275 ;  theo,  to  perfectly  justify  a  ratio  of  the  periodic 
times  of  2  to  1,  would  require  the  distance  of  the  aueient  Saturn  %  to  be  9.24563  instead  of  9.44511. 

'  [For  a  further  discussion  and  application  of  what  is  here  intimated;  as  well  as  t!iat  of  what 
more  the  relation  in  qticstion  may  be  sip^nificant,  see  Ariides  (64)  to  (6T)  inclusive.] 
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succeeding  terra,  which  will,  here,  decrease  very  slowly,  but  regularly,  in  the  pro- 
gress inward, 

(44)  With  respect,  then,  to  this  recombination — 

The  value  of  the  1st,  or  Neptune-term  of  the  series,  closely  corresponds  to  that 
in  Table  (B)  of  the  completed  arrangement  of  the  Planetary  System  in  (14). 

For  the  2d  term  of  the  series — 

■  Whole  f  (a).  The  mass  of  Saturn  being  reduced  to  that  of  >^ — to  furnish 
the  material  for  the  half-planet  gt~that  half-planet  must  then  be 
regarded  as  being  restored  to  its  appropriate  place  [as  the  same  is 
exhibited  in  Table  (B)]. 

(b).  The  two  half-planets,  Uranus  and  $i,  must  then  be  regarded 
as  combined  around  their  centre  of  gyi'ation  to  form  the  tnhoJe- 
^  planet  mass  (U). 

Whole  r 

^  ■  \       The  mass  of  ^  will  then  be  left  at  a  lohole-planet  distance. 

mass      , 

Then,  (o), — The  whole  planet  mass  (U),  accumulated  anew  (as 
already  indicated),  must  be  combined  with  the  mass  i^  to  form  from 
both,  around  their  centre  of  gyration,  a  quasi  double-planet  mass 
[(U)  T^];  to  furnish  the  2d  term  required. 

JuPiTEii  will  itself,  in  its  mean  distance  from  the  sun,  ftimish  the  Zd  term. 

Mars  and  the  Asteroid  mass  (A)  wiU,  in  the  quasi  dovhle-plan^  arrangement, 
at  their  centre  of  gyration,  furnish  the  4ih  term  ;  designated  as  that  of  [^  (A)]/ 

The  Earth  and  Yeiius,  now  existing  as  separate  half-planets,  will,  in  a  whol&r 
planet  an-angement,  furnish  (at  their  centre  of  gyration)  the  5th  term  very  near, 
(39),  to  the  already  recognized  limit  (ffiS).  This  5tk  term  is  then  designated  as 
that  of  [©2]. 

Meecurt,  in  its  mean  distance  from  the  sun,  furnishes  the  QtJi  iej-m.^ 

'  In  the  computation  of  this  4th  term,  snch  a  Talue  has,'  of  necessity,  been  attributed  to  the  aste- 
roid-mass as  would  make  that  4th  term  in  the  column  of  Fact,  absolutely  the  same  with  thb  corre- 
sponding term  in  the  column  of  Law.  But  the  Talue  of  the  asteroid-masa  thus  determined,  is  con- 
firmed in  a  way  which  cannot  but  be  regarded  aa  extraordinary.     [See  Article  (46).] 

'  Neither  the  aphelion  nor  the  perihelion  distance  appearing;  though  the  one  is  found  at  a  whole- 
planet  distance,  and  the  other  at  an  exterior  half-planet  distance,  m  Table  (B),  in  (14).  Mercary, 
then,  at  a  distance  the  mean  of  these  two  (but  in  another  arrangement)  has  thus  characteristics 
approaching  to  those  of  a  double-planet  [as  was  intimated,  though  not  explained  in  (9)];  and  this 
with  an  appropriate  place  in  the  series  in  which  the  rfowfi/e-piawei  arrangement  appears;  the  difference 
between  this  and  the  otherwise  analogous  terms  of  the  arrangement  being,  that  whereas,  in  the  other 
cases,  the  material  of  the  two  planetary  bodies  (with  reference  to  its  more  ancient  state)  is  regarded 
as  accumulated  anew,  and,  as  it  were,  in  some  measure,  reconstructed  about  the  centre  of  gyration 
of  those  bodies;  the  actual  combination,  in  an  analogous  position,  seems  to  be  found  in  the  existing 
planet.  Mercury  itself. 
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The  conditions  prevalent  in  this  series  (with  a  quasi  double-planet  arrange- 
ment for  every  alteniate  term),  require  that  the  mean  ratio  i^i  should  nearly=*^,  f 
being  the  mean  leading  ratio  for  the  wliol^-plmiet  arrangement  in  Table  (B),  in 
(14)/  Accordingly  we  find  that,  with  the  moan  value  of  r,  in  Table  (B),  [which, 
(13),  =1.8353],  that  rl  =2.4660+,  while  the  mean  value  of  R^  prevalent  in  this 
new  series,  is  3.4031 

(45)  The  whole  arrangement,  in  accordance  with  what  has  now  been  stated,  is 
exhibited  in  the  following  table;  the  symbols  of  mode  of  connexion,  and  depend- 
ence, etc.,  being  similar  to  those  in  Table  (B),  in  (14). 

Table  (F), 
More  Ancieiii  State  and  Arrangements  of  the  Planetary  System. 


Names,  etc. 

S.M.... 

Law. 

Fact  and 

Diff. 
L.— F. 

Uifl.  in 
terms  of 
quantity 
mBasuted. 

n 

[MA)] 

[©9] 
if 

3(1.06039 
12.44376 
5.1U6T4 
(2.15051) 

0.89780i 
0.31589 

30.05133 
12.40099 
5.20280 
(2.1.^051) 
0.88665 
0.38110 

+  0.003+ 
+  0.043 
—0.037 

+  0.011 
—0.011 

+  0.000  + 
+  0.003 
—0.007 

-^0.013 
—0.030 

,  planet  ^z        ^  y^^^^^^^^^^^^      \    ■■ 

JOPITEE 

Asteroid  mass  (A)] 
Mars \    ■  ■ 

Earth ) 

y-^^^^ 1 

The  values  of  the  ratio  i?i,  which  determine  the  numbers  in  the  column  of 
L(i/w,  are — 


f  to  [(TJ)l^] 3.4151 

[(U)l^]  to  11 2.4089 

5i  to  [S(A)] 2-4021 

[5(A)]  to  [ee] 2.3953 

[®2j  to  S 2.3885 

tte  mean  value  of  i?i  is,  then,  very  nearly  9.4,  which  =|i=i^^,  so  that  every 


Diff. 

0.0068 
0.0068   i 
0.0068  { 
0.0068 


'  It  being  among  those  conditions  that  tlie  centre  of  gyration  of  the  component  niasaea  ehonld 
very  closely  correspond  in  its  position  with  that  due  to  the  intermediate  term  in  the  quasi  double' 
planet  series;  a  fact  which  itself  seems  to  indicate,  that  the  law  of  apportionment  of  the  masses  is 
not  independent  of  that  of  the  distances,  but  that  the  one  (in  the  matliematical  sense  of  the  term)  is 
3t  function  of  the  other. 
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term,  after  the  first,  is  ^^^-i  of  that  which    immediately  precedes  it;    instead  of 
f  If,  which  is  the  whole  planet  ratio  in  the  existing  planetary  system.^ 

Now,  it  is  especially  to  be  again  observed,  that  tlie  2d  te^-m  of  the  series  in  this 
Table,  in  the  way  in  which  it  is  here  obtained,  sitpposes,  and  it  depends  upon  the 
supposition,  that  the  material  of  the  missing  half-planet  ^i  passed  over  and  was 
combined  with  the  other  portion  of  the  Saturn-forming  mass,  to,  thus,  construct  the 
existing  planet  Saturn;  and  it  is,  (44),  by  supposing  that  process  reversed — restor- 
ing Si  kt  its  place — and  then  comMning  in  the  way  already  indicated,  (44),  that  the 
2d  term  of  the  Table  is  obtained  for  the  column  of  Fact,  and  can,  consistently  and 
accurately,  occupy  its  place  in  the  series;^  so  that  this  11th  consistency,  supporting 
the  hypothesis  of  the  disappearance  of  the  missing  planet,  in  consequence  of  its 
mass  having  been  drawn  inward  and  combined  with  the  Saturn-forming  mass,  has 
even  more  extended  relations  than  the  others. 


Having,  then,  as  far  as  may  be,  answered  the  question,  (41),  What  has  become 
of  the  missing  .mass,  it  may  next  be  well  to  consider  what  more  we  may  be  taught 
by  certain  other  relations  exhibited  in  Table  (F), 

Mass  of  the  Asteroids. 

(46)  "With  the  term  [^  (A)],  [at  the  centre  of  gyration  of  Mars  and  the  Asteroid 
mass  (A),  as  found  in  Table  (F),  in  (45)],  and  also  with  the  mass  of  Mars  taken 
as  imity,  and  the  mean  distances,  from  the  sun,  of  Mars  and  (A),  respectively,  in 
Table  (B),  in  (14),  we  may  determine  m!,  the  Asteroid-mass  which  will  be  required 
to  justify  the  term  [^(A)]  in  Table  (F);  the  case  being  similar  to  that  of  the  interior 
half-planet  gi  in  (41) ;  except  that  the  value  of  rd,  the  exterior  mass,  is  here  required 
instead  of  m. 

Substituting  in  the  equation,  in  (41),  the  values  here  indicated,  wo  shall  find  W, 
the  Astei'oid-mass,  =  0.58929  of  the  muss  of  Mars. 

This,  with  the  mass  of  Mars,  as  in  Table  (A),  in  (3),  [=  ^■•x'^oa'^o'}'  ^^^^^  make 
the  mass  of  the  asteroids  =  a  4  a  i  5T¥  ^^  ^*^  mass  of  the  sun. 

(47)  Now  M.  Le  Verrier,  in  the  CJom,ptes  Sendus,  tome  Ixv,  p.  880  (Nov.  25, 

'  As  Bj  here  approximates  to  r|  [r  being  the  ratio  for  tlie  wliole-pliinct  terms  in  TaWfi  (B)J, 
Sj  will  also,  incidentally,  express  very  nearly  the  ratio  of  the  periodic  times  doe  to  the  whole-planet 
distancea.  Aecordingly  we  find  that  the  ratio  of  the  periodic  time  of  Saturn  to  that  of  Jupiter^^ 
2.4697;  while  the  nearly  correspond  log  value  of  if,,  as  stated  in  (45),  is,  as  near  as  may  be,  3.4089. 

*  Not  only  so,  but  if  leaving  out  the  hypothesis  here  in  question,  we  attempt  to  form  the  2d  term 
of  the  series  with  the  Saturn-mass  as  it  exists,  we  shall,  of  coarse,  fail ;  since  the  placing  of  so  large 
a  portion  of  the  same  masses  so  much  farther  inward,  will,  at  once,  displace  the  centre  of  gyration 
in  the  same  direction,  and  so  make  the  term  too  small.  And  the  same  effect  would  even  be  manifest, 
if  we  might  suppose  a  group  of  asteroids  to  exist  in  this  region  ;  but  that,  (42),  is  inadmissible. 

Ott  the  first  of  these  two  suppositions,  the  centre  of  gyration  would  be  displaced  quite  the  whole 
of  the  Earth's  distance  from  the  Sun  [being  at  11.35  instead  of  12.40]  ;  and  if  the  second  supposition 
were  admissible,  the  displacement  would  be  nearly  ^  that  distance  [being  at  11.915  instead  of  12.40j, 

5  Deoember,  1ST4. 
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1867)  has  given  us  the  following  equation,  dependent  on  the  necessity  of  an 
admitted  increase  in  the  motion  of  the  perihelion  of  Mars, 

He  states  that,  in  so  far  as  we  now  know — 

Ten  times  the  correction  of  the  mass  of  the  'Earth,  plus  three  times  the  mass  of 
the  small  planets,  in  a  mean  distance  reference  of  the  gi'oup,  would  make  a  sxim 
equal  to  1.38  ;  the  mass  of  the  Earth  deduced  from  the  parallax  of  Eneke,  8".58, 
being  taken  for  unity.-^     This  mass  is  ■^■g-^-^-g-^. 

The  mass  of  Mars  which  M,  Le  Ven-ier  employed  in  his  investigations,  would 
seem  to  be  the  same  with  that  which  he  has,  provisionally,  attributed  to  that  planet 
in  the  Compies  Rendus  for  July  32,  1872;  viz,  0.000000333  of  the  sun. 

With  these  values  of  the  data,  the  equation  of  M.  Le  Verrier  will  give  us,  for 

THE  ASTEROID  MASS,  THE  SAME  FRACTION  OP  THE  MASS  OF  MaRS  TVITH  THAT  WHICH  JUS- 
TIFIES THE  TERM  [^(A)]  IN  OUR  Table(F);  ifxGemahemv.  solar  parallax  8".896;^ 
which  is  a  value  included  within  the  present  limits  of  uncertainty,  and  near  to  the 
mean  of  all  the  more  recent  determinations. 

(48)  If,  then,  fortified  by  these  several  coincidences,  we  allow  any  weight  to 
the  determination  of  the  value  of  the  Asteroid  moss  derived  from  the  justification 
of  the  term  [^  (A)]  of  the  series  here  in  question ;  it  may  be  noted  that  this  value, 
(41),  depends  on  the  ratio  of  the  diiference  of  the  squares  of  the  terms  [^(A)]  and 
Mars  to  the  difference  of  the  squares  of  (A)  and  \_%  (A)];  and  the  tabular  values  of 
the  quantities  represented  in  the  terms  thus  involved,  may  all  be  considered  as 
being  approximately  well-determined. 

[It  will,  moreover,  he  observed  that  the  several  independent  elements  which  have 
entered  into  the  computation  of  this  result  are :  — 

1.  The  leading  ratio  r,  in  Tahle  (B),  in  (14). 

2.  The  leading  ratio  Ei,  in  Table  (F),  in  (45). 

3.  The  application  of  the  formula  for  the  centre  of  gyration;  and 

'..,."  on  doit  dire  que  dix  foia  la  correction  de  la  masse  de  la  Terre,  plus  trois  fois  la  masse  de 

I'onsemble  dea  petites  planfetea  diatribaees  en  moyenne,  d'aprfes  ce  qu'on  en  sait  anjoard'bui,  doit  faire 

une  Bomme  egale  ii  1.38 ;  I'uiiit*  ctant  la  masse  aclmise  pour  la  Tcrre  quaiid  on  la  diidiiil.  cle  la  paial 

iaxe  d'Encke,  8". 58." 

■,  -n        /8".896\'      increased  mass  of  Earth,  lA     .,  ,       .  „       o.;  m   u  ■  ■ 

'  For,  (— I  T=. _ — ■<—■ — ~? — J  the  mass  due  to  parallax  a'.58,  bcmg  —  1 

\8".  58/  1  '  f  .  b 

M  being  thus  determined — 

Then  M  ■ —  1  =  inorernenl  of  Earth's  mass  :=  i. 

Then  m'  being  asteroid  mass,  M.  Le  Verricr's  equation  gives — 

10i+ 3m'=l.D8;  whence 

Sm' =  I.B8  —  Wi,  and 

asteroid  mawH,  m'  tt=  — — -^ ;  tho  mass  of  the  Earth  duo  to  parallax 

W'.^a  being  I. 

Then  m' ^^  asteroid  mass  m"  in  terms  of  the  Sun's  mass  1. 

35493o 
And  lliis  last  value  is  our  fraction  (0.58929)  of  M.  Le  Terrier's  mass  of  Mars,  i.e.  the  sarm  fraction 
of  the  mass  of  Mars  (taken  ^1),  which  justijks  the  value  of  our  ['S(A)]  term  in  our  Tablo  (F), 
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4.  The  mass  of  Mars  itself,  deduced  from  the  mutual  action  of  it  and  those  of 
the  other  planets.] 

But  the  value  of  the  same  Asteroid-Tnass,  as  derived  from  M,  Le  Verrier's  equation, 

depends  on  J  of  ten  times  the  excess  above  1   of  (     '        ).      Tiiis  value,  then, 

albeit  that  it  wholly  depends  on  ascertained  facts  for  its  data,  is,  nevertheless,  very 
sensitive  to  any,  the  smallest,  change  in  the  value  of  the  solar  parallax. 

[In  a  subsequent  Memoir  on  the  Masses  of  the  Planets  and  the  Parallax  of  the 
Sun,  in  the  Coniptes  Rendus,  for  July  23,  1872,  M.  Le  Verrier,  as  the  result  of  a 
discussion  of  the  secular  variations  of  the  elements  of  the  orbits  of  Mercury,  Venus, 
the  Earth,  Mars,  and  Jv^iter,  states  that  it  is  probable  that  the  attraction  of  the 
minor  planets  amounts,  up  to  the  present  time  to  a  quantity '  which  may  be 
neglected.'] 

(49)  The  value  of  the  Asteroid-mass,  which  we  have  thus  obtained,  is,  as  far  as 
may  be,  confirmed  by  yet  another  consistency. 

For  with  this  value  of  the  mass,  at  distance  (A)  in  the  column  of  Law  in  Table 
(B),  and  other  masses  and  distances  in  Tables  (A)  and  (B),  [(3)  and  (14)],  we  shall 
find  that  the  neutral  point,  or  point  of  equal  attraction  of  this  same  mass,  is,  on 
the  side  of  Jupiter,  at  the  distance  3.16559  from  the  sun.  And  the  similar  limit, 
on  the  side  of  Mars,  is  at  the  distance  from  the  sun=  2,13869. 

These  numbers  at  once  suggest  the  limits  (thus  far  recognized)  of  the  mean  dis- 
tances of  the  asteroids. 

The  supposition  of  a  half-planet  arrangement  of  the  material  in  the  progress  of 
its  early  "abandonment"  will,  however,  better  provide  for  all  this;  as  well  as 
exhibit  yet  other  consistencies,  as  will  be  shown  hereafter,^ 

Peculiar  Relations  of  the  Planet  Mercury. 

(50)  From  Table  (B)  in  (14)  and  Table  (F)  in  (45),  we  find  that  the  position 
and  relations  of  Mercury  may  be  represented  as  follows: — 


Table  (B). 

Limit  or  term i'  (©?  ) 

"Whole  planet  ratio,  r  < 

(  Aphelion  of  Mercury  ] 

^  P  '      )    '        I  PerihAion  of  Mercury  j 


Tolle  (F). 

"B9]] 


.  (at  mean  dist. )  M  ercury 


so  that  Mercury,  when  in  a'phelion,  is  in  the  position  due  to  a  -wJiole-planei ;  and 
when  in  perihelion  his  distance  is  that  due  to  a  half  planet. 

'  As  quoted  in  the  translation  of  W.    T   Lynn,  B.  A  ,  in  the  Monthly  Notices  of  the  Proceedings 
of  ffie  Boyal  Astronomical  Society,  vol  sxxii.,  No.  9,  p.  323. 
'  See  Articles  (fiO)  ii,n.d  (108). 
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Then,  at  his  mean  distance  (half-way  between  the  two)  his  place  is  that  of  an 
alTUost  dottle-planet,  in  the  special  arrangement  in  Table  (F). 

Of  these  it  may  be  said; — 

1. 

That  these  several  peculiarities  seem,  at  once,  to  be  reconciled  and  explained 
by  the  supposition  that  the  condensing  material  (ring,  or  shell,  etc.)  which  was  in 
position  to  have  formed  a  whole  planet  at  the  aphelion  Mstance,  and  another  portion 
of  the  condensing  material  (ring,  or  shell,  etc.)  which  was  in  position  to  have 
formed  what  we  have  termed  an  exterior  half-planet,  at  the  perihelion  distance, 
have  been  combined  to  form  the  existing  planet;  which,  thus,  is  made  up  of  a 
whole-planet  mass  and  a  half-planet  mass. 

2. 

But  all  this  accounts  for  and  explains  in  mode  and  in  rneasure,  the  vert  great 
ECCENTRICITY  OF  THE  ORBIT  OF  MERCURY;  his  perihelion  distance  not  extending  beyond 
the  centre  (or  a  point  near  the  centre)  of  gyration  of  the  half-planet  mass  (ring,  or 
shell,  etc.)  due  there ;  and  his  aphelion  distance,  reaching  out  to  the  centre  of  gyra- 
tion, or  near  it,  of  the  whole  planet  mass  due  there. 

Mass  and  Distance  of  a  possible  Planet  interior  to  Mercury. 

(51)  The  position  of  the  perihelion  of  Mercury  has,  (14),  been  shown  to  be  that 
due  to  an  exterior  half-planet.  Hence  the  distance  from  the  sun  of  the  next  planet 
interior  to  Mercury  may,  most  probably,  be  ascertained  by  dividing  the  term  value 
of  Mercury's  perihelion  distance,  in  the  colum  of  La-w  in  Table  (B),  in  (14),  by 
the  value  of  ri  ,  in  accordance  with  Zaw  Zd,  in  (10). 

The  value  of  ri,  for  this  region  of  the  system,  is  1,3733, 

Performing  then  the  division  thus  indicated,  we  shall  have  the  distance  from  the 
sun  of  the  planet  interior  to  Mercury — 

Si  =0.20836.^ 

We  may  also  ascertain  the  tuhole-planet  position  next  to  that  due  to  the  aphelion 
of  Mercury,  by  dividing  the  aphelion  terra  in  the  column  of  Law  in  Table  (B),  in 
(14),  by  the  value  of  r,  in  accordance  with  Law  \st  in  (10). 

The  value  of  r,  for  this  region  of  the  system,  is  1.8736.  Dividing  the  value  of 
the  aphelimi  limit  by  that  number,  will  give  for  the  wJiole-planet  limit  interior  to 
Mercury's  aphelion  distance,  the  value  0.24422  -|-  . 

Thus,  then,  we  shall  have  the  following  arrangement : — 


s    f (Whole  planet  limit)  aph,  distance    ....     0.45758 

\  {Exterior  ^  planet-limit)  per.  distance     .     .     0.28573 

^j    f whole  planet  limit 0.24422 

l/w^mW  half-planet  5ft 0,20836 


I- 


'  This  is  very  accurately  the  distance  required  (by  Kepler's  3d  Law)  to  jastifj  the  periodic  time 
of  the  so-called  "  planet  Vulcan,"  as  the  same  has  recently  been  ascertained  by  Prof.  Kirkwood,  on 
the  hypothesis,  that  t,ho  appearances  of  certain  solar  spots  were  due  to  the  transits  of  such  a  body. 
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Then  for  the  mass  of  the. interior  half-planet  5i,  wc  need  first  to  redistribute  the 
material  of  Mercury,  so  as  to  place  its  ivJwle-planet  portion  at  the  aphelion,  and  its 
hal/-planet  portion  at  the  perihelion;  to  come  back  to  the  forming  state,  etc., 
described  and  exhibited  in  symbol  in  (50), 

Putting  then  the  whole  mass  of  Mercury  =  to  1 ;  if  that  be  so  distributed  to 
the  aphelion  and  perihelion  positions,  tliat  Vie  centre  of  gyration  of  the  distributed 
portions  shall  be  found  at  Mercury's  mean  distance,^  we  shall  have — 

0.5617245  of  Mercury's  mass,  for  the  aphelion,  and 
0.4383755  "  "  "       " 


The  values  thus  far  requisite  having  been  ascertained,  the  case  is  but  a  repeti- 
tion of  that  of  the  -mass  of  Si  in  (41) ;  and  by  substituting  the  values  now  before 
us,  and  reducing,  we  shall  find  the  value  of  the  mass  of  the  inte^-ior  half-planet — 
m  of   '^i,  interior  to  Mercury,  =0.594059  of  the  mass  of  j 


(52)  Now  M.  Le  Verricr,  in  the  Comptes  Rendus,  tome  XLIX.  p.  382,  (Sept. 
1859),  speaking  of  a  cause  adequate  to  produce  an  ascertained  secular  motion  of  38" 
in  the  perihelion  of  Mercury,  admits  the  supposition  of  a  hypothetical  planet, 
situated  between  Mercury  and  the  Sun,  and  says  that,  as  the  hypothetical  planet 
ought  to  impress  on  the  perihelion  of  Mercuiy  a  secular  motion  of  38  seconds,  the 
resulting  relation  between  its  (the  planet's)  mass  and  its  distance  from  the  sun  will  be 
such  that,  in  measure,  as  we  suppose  the  distance  less,  the  mass  will  be  increased, 
and  the  converse:  and  he  adds,  that,  "For  a  distance  a  little  less,  than  the  half 
of  the  mean  distance  of  Mercury  from  the  Sun,  the  mass  sought  would  be  equal 
to  that  of  Mercury." 

The  mass  which,  on  our  own  plan,  in  the  following  out  of  our  own  hypothesis,  (51), 
we  have  found  for  the  hypothetical  planet  is  0.594059  of  the  mass  of  Mercury  ; 
and  when,  in  conjunction  with  Mercury,  as  seen  from  the  snn,  the  distance  between 
the  two  planets  [see  (51)  and  Table  (A),  in  (3)],  would  be 

0.38710  — 0.20836  =  0.1T8T4; 
and  "  a  mass  equal  to  that  of  Mercury,"  similarly  situated,  would  have  the  same 
attractive  force  with  that  due  to  our  hypothetical  planet,  at  a  distance,  for  that 
mass,  inside  of  Mercury  =  to  0.23190,  i.  e.,  a  distance  from  the  sun  =  0.15520  ; 
which  is  indeed,  assuredly,  somewhat  "less  than  the  half  of  the  mean  distance  of 
Mercury  from  the  Sun,"  which  |  distance,  accurately,  =0.19355. 

'  For  this  purpose,  m+m',  the  sum  of  the  two  masses,  being  put  ^  to  1 ;  ni'^l^m. 

Also — since  the  ratios  of  the  distances  are  known,  or  may  be  readily  ascertained — if  (C)  be  the 
distance  of  the  centre  of  gyration,  and  the  distance  of  the  onter  body  ^7  (C),  and  that  of  the  inner 
=p  (C);  then,  substituting  in  Eq.  (0)  in  (17),  and  reducing,  we  shall  have,  for  the  fraction  of  the 
whole  mass  pertaining  to  the  inner  body, 

q'  —  p" 
which  will,  also  by  substitution  and  subtraction,  give  us  ni',  since  it  ^^^  1  —  m. 
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All  this,  so  far,  approximates  to  an  accordance  with  M,  Le  Verrier's  required 
action  of  the  mass  in  question..  It  is  then  sufficiently  manifest  that  our  hypothetical 
planet,  as  to  mass  and  distance  both,  would  be  such  as  measurably  to  satisfy  the 
conditions  of  the  ascertained  perturbation ;  and  so  wc  need  not  pursuo  the  investi- 
gation of  a  troublesome  problem  any  farther. 

Pemdiar  Relations  of  the  Living  Force  of  {sirrmltaneous)  Rotation  of  some  of  the 
Planetary  and  Satellite  Masses. 

(53)  If  Jupiter  and  Saturn  should  (or  if  they  did)  turn  around  the  sun,  in  the 
same  time  ;  the  moment  of  rotation  must,  in  the  instance  of  either,  be  represented 
by  the  formula,  inass  x  {yeloGltyf ;  or,  as  velocity  in  this  case  would  be,  as  a,  the 
radius  vector  of  rotation,  the  ratio  of  the  moments  will  be  obtained  by  comparing 
mass  X  {radius  vectorf  of  the  one  with  mass  x  {radius  vectorf  of  the  other.  So 
with  m  and  m',  respectively,  for  the  masses,  and  a  and  d  for  the  radii  vectores ;  *'.  e. 
the  mean  distances  from  the  sun,  as  in  the  column  of  Law  in  Table  (B),  in  (14), 
and  the  masses,  as  in  Table  (J.),  in  (3) ;  we  have  — 

For  Jnpiter,  ma''  =  0.026142. 
For  Saturn,  m'a'^  =  0.025477. 

or  with  the  distances  as  in  column  of  Fact  in  Table  (B) ;  wc  have — 

For  Jupiter,  ma''^  0.025832. 
For  Satwm,  wi'a"=  0.025985. 

The  approach  to  a  ratio  of  equality  is  here  very  closo,^ 

There  is  also  an  approximation  to  the  same  state  of  things  in  the  following 
cases.'' 

The  respective  moments  of  (simultaneous)  rotation  of  i^  {i.  e.  Saturn  reduced  to 
its  ancient  state),  of  Uranus,  and  also  of  Si  [the  half-planet  (supplied)  interior  to 
Uranus],  are  all  nearly  equal  to  one  another;  the  ratios  being — 

^S-S  =  i-i«i (I). 

in  r  o 

^!^  =1.0060 (2). 

Tii'r  0* 

Then,  when  the  combined  masses  of  Saturn  and  Uranus  [in  the  More  Ancient 
State,  as  exhibited  in  the  term  [(U)i^],  in  Table  (F),  in  (45)],  are  compared  with 
Neptune  in  respect  to  the  moment  of  (simultaneous)  rotation;  we  have  for  the 
ratio — 

'  This  curioas  relation  was  first  made  known  by  the  author  of  this  paper  to  the  Aineri.can  Associa^ 
tionfor  the  Advancement  of  Science,  at  their  Meeting  in  Montreal,  in  1851 ;  also  the  division  into 
BheLs,  etc. 

'  Which  might  be  Bomewhat  Taried,  were  all  the  masaes  more  acearately  determined. 
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'"^'■^'.°^KU)i^Ul.ll01 (3)^ 

■    m'"y"^  of  W 

Lastly,  in  the  Sijstem  of  Saturn,  m  being  the  mass  of  the  outer,  and  m'  that  of 

the  inner  bright  system  of  rings ;  we  shall  have  for  the  ratio  of  the  moments  of 

(simultaneous)  rotation — 

m  X  c'^  of  outer  rings ^-i  1 4(1/1  /^x  . 

m  X  tt'^  of  inner  rings 

the  rings  being  respectively  referred,  each  to  its  centre  of  gyration  [obtained  as  in 
(16)]. 

[Then,  since  the  rings  in  Table  (C)  in  (18),  have  their  places  as  satellites;  if  the 
periodiG  times  of  the  rings  referred  to  their  centres  of  gyration  agree  with  Kepler's 
3(^  Law,  and  so  actual  velocities  are  as  a\  to  a'i,  and  hence  their  2d  powers  as  a  to 
a';  we  shall  have  for  the  mtio  of  the  moments  of  rotation  of  the  existing  and 
turning  rings 

m'  X  <»'  of  inner  rings -.  fj-j-f,  ~| 

m  X  a  oi  outer  rings  J 

There  is  a  very  close  resemblance  between  ratios  (1)  and  (4).^  Were,  then, 
those  anoient  masses  compared  in  (1),  ring-like  in  form  ;  and  did  the  masses,  with 
nearly  equal  moments  of  (simultaneous)  rotation,  go  round  the  central  body 
together  'i 

If,  in  an  ancient  state,  they  were  parts  of  the  atmospheres  of  iJieir  primary  and 
central  hody,  in  every  case;  then  they  dvl  go  round  together.  But,  whether  we 
admit  any  part  of  that  hypothesis,  or  else  reject  any  portion,  or  all  of  it;  the 
EATios  EEMAiN,  and  seemingly  without  that  hypothesis,  they  remain  unaccounted 
for. 

There  is  yet  another  aspect  of  the  matter,  and  that  is — that  the  rings  or  shells, 
etc.,  separated  about  the  time  when  the  moments  in  question  hecame  nearly  equal. 

Application  of  other  Conditions  appertaining  to  the  ring-Uhe  Form.    Wliat  succeeded 
these. — Position  of  great  Planets,  and  of  largest  Satellites. 

(54)  It  has,  (16),  been  sliown  that  the  centre  of  gyration  of  a  homogeneous  ring  is 
in  the  circumference  in  which  the  mass  of  the  ring  is  bisected;  and  that  thus,  wo 
have 


'  EatioK  (3)  and  (3)  are  consistent  with  tho  supposition  in  (43),  that  the  material  of  Satui'n  was 
gathered  in  part  from  the  interior  half-planet,  now  missing  (the  values  1^  and  Sj  being  dependent  on 
that)  ;  but  they  did  not  seem  to  be  of  such  importance  as  to  require  tJieir  admission  aa  Coincidence 
12tk  of  the  series  exhibited  in  (43)  and  (45). 

'  Though  it  should  not  be  overlooked  that  ratio  (4)  is  that  existing  in  a  satellite  system,  which 
is  here  compared  with  those  found  in  the  system  of  the  primary  planets. 
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(C)  representing  ^Bg  in  the  figure,  i.e.  the  distance  of  the  centre  of  gyration  from 
the  centre  of  force,  and  B  and  r,  respectively, 
^'E-  '1-  the  radii  of  the  edges  of  the  ring,  so  that  we 

have 

Now  the  like  being  also  true  of  the  half- 
rings,  with  t?ieir  centres  of  gyration  at  li^  and 
Hi,  respectively ;  we  shall  also  have 


^i?2  =  ^{(p-lii  +  ^A) ;  and 

^^4  =  J(^3  +  'pB^) ; 
from  which,  by  substitution  and  reduction,  we 
shall  obtain 

in  which  the  centres  of  gyration  of  the  Mlf-rings  respectively,  take  the  places  of 
the  edges  of  the  whole  ring. 

(55)  The  supposition  here  throughout  has  been  that  all  the  material  was  homo- 
geneous. But  as  the  "abandoned"  rings,  or  ring-like  masses,  would  increase  in 
density  inward,  the  centre  of  gyration  for  each  half-ring,  as  well  as  that  of  the 
whole  ring,  would  also,  therefore,  be  imthin  that  assigned  by  the  formula. 

Nevertheless  it  would  seem  that  this  would  affect,  or  rather  has  affected,  the 
several  quantities,  proportionally. 

Accordingly,  we  find  that  the  mass  of  the  system  of  the  inner  bright  rings  of 
Saturn  is  considerably  greater  than  the  mnss  of  the  system  of  the  outer  bright 
rings ;  yet  the  other  condition  here  in  question  is  fulfilled. 
For  the  centre  of  gyration  of  the  outer  bright  rings,  [Table  (C)  in 

(18)],  is  at  the  distance 3.H65. 

And  the  centre  of  gyration  of  hoth  systems  of  the  bright  rings,  as 
obtained  independently  by  the  general  formula,  is  at  distance         .     1.9090. 
And  that  of  the  system  of  the  inner  bright  rings  is  at    .         .         .      1.7097, 
Now  the  sum  of  the  squares  of  the  first  and  last  of  these  numbers  is     7.16399197; 


and  I  of  the  same  =      3.58199593  + 
And  the  square  of  the  intermediate  number,  1.9090,  =      3.64:428100; 

showing  a  very  close  correspondence  with  the  formula. 

Accepting,  then,  this  result  as  an  induction^  we  shall  find,  on  trial,  in  the  same 
way,  a  semblance  of  a  ring-like  form  of  the  "  abandoned"  masses,  apparent,  even 
in  the  case  of  the  Earth  and  Venus. 

For  the  sum  of  the  squares  of  their  mean  distances  [as  those  distances 
are  given  in  the  column  of  Laio  in  Table  (B)  in  (14)]  is       .         .  .      1.51928 


And,  (C)  being  distance  of  the  centre  of  gyration,  . 


and  I  sum  = 


0.75964 
0.78616; 
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in  which  case  {Oy  is  tlie  grcatci'  because  of  tlin  superior  density  of  the  Karth, 
[Ami  the  great  relative  distance  of  oi.iv  own  satellite  (iieariy  60  ladii  of  tho 
Karlh)  as,  in  the  similar  iiistaiicc  in  Saturn's  system,  is  also  [6  of  (43)J  indicative 
of  a  great  oblateucss  of  tlie  nebulous  material  at  some  stage  of  its  progress.  | 

(56)  Again,  a  like  relation  is  found  in  the  case  of  the  mean  diotauce  and  centre 
of  (simultaneous)  gyration  of  Uramts  and  Nepttme. 

In  the  instance  of  tliesc  wo  have  an  approximation  to  ajiialilt/  in  /he  masses ;'  the 
ratio  of  the  mass  of  Neptune  to  tliat  of  Uranns  being 

'"'».:1. 11618. 

Moreover  (C),  the  centre  of  gyration  of  the  two  planets  is  at  the  distance 
25.4457-;  and  while 

^{mean  dist.  ^)'  [•  ^{mean  (list.  Sf  =  -■  6:^5. TO-t 
[Gf:  :  (25.4457-^y ■.  :  047.481 

'rhis  is  consistent  with  a  rhuj-lih'.  form  of  the  two  masses  in  question,  after  the 
"  abandonment"  of  the  nnitcvial  of  which  they  wore"  constituted;  the  flowing  over 
of  material  in    this    outer   portion  of  the 

oblate    solar    atmosphere    liaviug    given    to  ^''S-  ^^' 

the  whole,  or,  at  least,  to  botli  the  parts  of 
tho  masses  in  question,  a  form  not  unlike 
that  of  a  thick  ring. 

/\U  tins  is  consistent  willi  that  form,  jet 
does  not  reqxdre  the  masses  to  have  had 
such  a  form;  since,  (17),  the  equation  licro 
in  question  wouhl,  accurately,  exist  in  the  case  of  (iny  equal  masses. 

(57)  'j'hc  state  of  things  arrived  at  (perhaps  later)  in  tho  case  of  Jupiter  and 
Sahtrii,  (&3),  seems  to  be  inconsistent  with  a  mere  ring-like  form  for  both  masses; 
but  to  he  a  consequence  of  tho  accession  of  material  from  regions  of  the  sun's 
atmosplioro  extra-equatorial.  Accordingly  we  shall  lind  that  the  equation  here  in 
question  does  not  obtain  in  that  instance. 

JJut  under  the  conditions  approximated  to  in  tlic  case  of  planets  exterior  to 
them,  and  at  length  attained  in  tho  instance  of  those  two  groat  masses,  vi'/. 

ina?  ■■  ■■  m'n!^, 
wc  have  the  masses  inversely  as  the  squares  of  the  radii  of  gyration;  so  that  tho 
resulting  planets  must  increase  in  mass,  in  the  progress  inward,  until  we  como  to 
tho  instance  of  J  upiter,  the  greatest  of  fill  ;*  tho  ring-like  masses,  or  the  shells, 
though  successively  decreasing  in  volume,  yet  increasing  more  rapidly  in  density, 

'  'I'ho  uinss  of  Neplunc  in  tlio  greater;  irrainis  liaviiig  just  passilily  lost  sopucwliiil  in  (he  pfoccKs, 
(13),  wliieli  canicil  awny  the  mnss  of  the  now  missing  planet. 

*  Ml'.  'IVowbridgo,  in  his  iiivcstignlioii  already  referred  to  {Nolo  to  38),  [in  ISG-i],  shows  (hat  this 
would  bo  true  of  tho  "flbandoned"  rings.  But  tho  increase  of  ihe  mass  of  Iho  gient  plnnets,  in  tho 
l)roKt'oss  inward,  would  seem  to  bo  too  rapid  to  bo  explained  by  that  alone.  The  otiier  chaTiges  and 
relations  in  question  may,  as  it  would  seem,  have  been  even  more  elVieicut;  and  the  mod  of  these 
were  indicated  bythoautliorof  this  paper  in  1851,  an  heretofore  stated  in  ^^li  same  Note  lo  Article  {^H). 
8        Jnimai'y,  1875. 
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for  some  distance  within ;  so  that  the  planets  of  greatest  mass  would  not  be  the 
outermost^  but  the  masses  of  the  successive  planets  will  be  greater  and  greater,  so 
long  as  the  density  increases  in  a  greater  ratio  than  that  in  which  the  volume 
diminishes;  aided,  withal,  by  the  whole-planet  arrangement,  which  supervenes  in 
the  Saturn  and  Jupiter  arrangement,  and,  in  the  instance  of  Saturn,  (42),  by  the 
half-planet  acquired. 

And  this  arrangement  of  the  masses  we  actually  find,  with  some  variation  in 
the  instance  of  Uranus.^ 

(58)  Closely  analogous  to  this  arrangement  of  the  masses  in  the  great  planetary 
system  is  that  which  we  find  in  tlie  System  of  Saturn  ;  viz.  Japetus  outside,  for 
one  of  the  larger  satellites,  followed  by  Titan,  the  Jupiter  of  the  system,  with 
smaller  satellites  after  it  (Hyperion  hefure  it,  in  the  place  analogous  to  that  of 
Uranus),  and  other  satellites,  larger  than  Hyperion,  farther  inward. 

(59)  Then  too,  in  the   System  of  Jupiter,  the  relative  m^ses  of  the  satellites 

are — 

Satellite  IV 42659 

»       III 8849T 

"II 33235 

1 17328 

so  that  the  mass  of  Satellite  IV.  approaches  to  being  more  than  double  that  of 
ieither  Satellite  II.  or  SatelHte  I. ;  while  the  mass  of  Satellite  HI.  is  more  than  the 
double  of  thai  again;  the  great  masses  outside  of  the  others;  and  yet,  as  in  the 
other  systems,  the  greatest  of  all  not  the  outermost. 

Arrangements  of  the  Asteroid-mass. 

(60)  The  neutral  points  for  the  Asteroid-mass,  towards  Jupiter  on  the  one  side 
and  Mars  on  the  other,  have,  (49),  been  already  stated.  But  when  we  come  to 
apply  the  formula  for  the  ring-like  mass;  viz.  that  which  has,  (55),  been  especially 
in  question,  we  do  not  succeed.  We  thus  have  a  negative  indication  that  the 
Asteroid-mass,  as  a  wJwle,  did  not  have  a  ring-like  form. 

But  if  we  suppose  a  half-planet  arrangement  of  the  mass,  we  shall  have 
Distance  of  escienor  half-planet      .         .         .         .         .        3.34083 

"  "  interior    ■     "  2.47748 

And  then  the  sum  of  their  squares         ....      17.29905-{- 

1  sum 8.64953- 

Square  of  mean  distance  (A),  m  Table  (B)  in  (14),    .  8.28067; 

again  approximating  to  the  requirements  of  the  formula. 
The  neutral  point,  or  point  of  equal  attraction,  between  Jupiter  and 

the  exterior  half-planet  will  be 3.35790 

lliat  between  the  two  half-planets,    ...  ...  2.94068 

Between  the  interior  half-planet  and  ifaj-s, 2.14438 

'  May  be  in  a  measure  accounted  for  and  explained  by  the  special  influences  to  which,  (43),  that 
planet  appears  to  have  been  subjected. 
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The  first  and  last  of  these,  toward  one  limit  and  the  other,  also  indicate  the 
range  of  the  mean  distances  of  the  asteroids  better  than  the  result  in  (49).  [The 
middle  limit  2.94:068  here  given,  is  a  little  outside  of  the  centre  of  gyration  of  the 
two  half-planet  masses,  which  is  at  whole-planet  distance  (A)  of  Table  B,  =2,87831 
— the  more  dense  material  being  inward:  a  state  of  things  of  which  there  is  a 
distinct  semblance,  (19),  in  the  previous  example  of  Saturn's  rings.  In  the  case  of 
the  Earth  and  Venus,  (39),  the  centre  of  gyration  is  without  the  neutral  point,  as 
it  ought  to  be,  because  of  the  superior  density  of  the  earth.] 

The  exterior  limit,  3.35790,  at  which  the  attraction  of  the  outer  mass  and  that 
of  Jupiter  would  seem  to  have  been  in  equilibrio,  is  scarcely  0.017  (of  the  Earth's 
mean  distance)  outside  of  the  position  due  to  the  exterior  half-planet.^ 

(61)  The  distances  3.34083  and  2.47748,  respectively  due  to  the  exterior  and 
interior  half-planets,  themselves  exhibit  approximations  to  the  aphelion  and  the 

,  'perihelion  distances  of  several  of  the  existing  asteriods  ;  insomuch  that  their  case  in 
that  respect  resembles  that  of  Mercuey,  already  commented  on  in  (50) :  with  the 
marked  difference,  however,  that  while  the  orbit  of  Meecuet  is,  indeed,  limited  in 
its  aphelion  by  a  whole-planet  distance,  and  in  its  perihelion  by  the  succeeding 
half-planet  distance,  the  existing  planet  seems  to  have  combined  in  itself  the  mate- 
rial which  would  have  appertained  to  both  the  whole  and  the  half-planet. 

(62)  The  very  small  mass  due  to  the  exterior  half-planet  (0.4274  of  the  interior 
half-planet,  or  0.2518  of  Mars)  would  itself  suggest  the  probability  that  but  few 
asteroids  were  to  be  looked  for  at  a  mean  distance,  near  to  the  outer  limit  3.35790 ; 
and  the  progress  of  discovery,  thus  far,  has  justified  such  a  conclusion, 

Special  delations  of  the  Moments  of  {simultaneous')  Rotation  {around  the  same 
centre)  of  the  two  supposed  Asteroid-masses  and  that  of  Mara. 

(63)  The  moments  of  (simultaneous)  rotation  of  the  two  Asteroid-masses  {half 
'planetary  in  position)  and  that  of  Mars  have,  respectively,  the  ratio  of  the  following 
representative  numbers :  — 

Exterior  Astcroid-masa 2.8108> 

Interior         -  '■  2.O712}  ^"'"' ^■^*^'* 

Mars 2.4679. 


Of  Missing  Terms,  or,  at  least.  Varieties  in  Planetary  or  Satellite  Series,  other  than 
those  heretofore  noticed;  and  Hie  Explanation  of  the  same. — A  Resisting  Medium. 

(64)  As  "  the  comet  of  Lexell"  had  its  orbit  ttoioe  changed,  as  a  special  con- 
sequence of  its  periodic  time  being  very  nearly  |  that  of  Jupiter,  so  that  the 
comet  was  for  the  second  time  brought  very  near  to  that  disturbing  planet  after 
only  two  revolutions  ;  so,  also,  it  has  been  well  argued  that  when  the  periodic  time 

'  So  that,  as  has  often  heen  surmised,  the  o'ermast«rinK  attraction  of  Jupiter  must  (it  would 
seem)  have  interfered  with  the  existence  of  the  outer  half-planet  as  such ;  and  this,  hy  an  action 
not  very  unlike  that  of  Saturn,  (43),  in  preventing  the  continuance  of  anything  like  a  half-planet 
interior  to  Uranus. 
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of  the  disturbing  planet  was  very  nearly  a  multiple  of  the  periodic  time  of  an 
"  abandoned"  ring;  very  similar  effects  would  follow,  which  have,  in  part,  at  least, 
been  indicated  by  Prof.  Daniel  Kirkwood  in  his  paper  Ori.  the  Nebular  Hypothesia 
and  the  Approximate  CommenswabiUty  of  Planetary  Periods,  in  the  MontJdy 
Notices  of  the  Royal  Astronomical  Society,  vol.  xsix.  In  that  paper,  at  p.  99  of 
the  volume  quoted,  he  sums  up,  in  part,  what  he  had  discussed,  as  follows: — 

"  A  planetary  particle  at  the  distance  2.5 — in  the  interval  between  Thetia  and 
Hestia  —  would  make  precisely  three  revolutions  while  Jupiter  completes  one; 
coming  always  into  conjunction  with  that  planet  in  the  same  parts  of  its  path.^ 
Consequently  its  orbit  would  become  more  and  more  eccentric  until  the  particle 
would  unite  with  others,  either  interior  or  exterior,  thus  forming  the  nucleus  of  an 
asteroid.  Even  should  the  disturbed  body  not  come  in  contact  with  other  matter, 
the  action  of  Jupiter  would  ultimately  change  its  meau  distance,  and  thus  destroy 
the  commensurability  of  the  periodic  times.  In  either  case  the  primitive  orbit  of 
the  particle  would  be  left  destitute  of  matter.^  The  same  reasoning  is,  of  course, 
applicable  to  other  intervals  ;"  and  Prof.  Kirkwood  produces  evidence  to  show  that 
the  "  intervals  in  the  asteroid  zone" — however  small  at  best — arc  yet  appreciably 
greater  in  the  instances  of  "nearly  commensurable  periods."  With  respect  to  the 
interval  between  the  two  Rings  (or  system  of  rings)  of  Saturn,  Prof.  Kirkwood, 
after  a  discussion  of  the  distances  abd  periodic  times  in  question,  concludes,  "  It 
is  thus  seen  that  the  interval  occupies  precisely  the  space  in  which  the  periods  of 
satelhtes  would  be  commensurable  with  those  of  the  four  members  of  the  system 
immediately  exterior.  As,  therefore,  the  powerful  attraction  of  Jupiter  produces 
the  observed  gaps  in  the  asteroid  zone,  so  the  disturbing  injiu^nm  of  Saturn's  inr 
terior  satellites  is  the  physical  cause  of  the  permanent  interval  between  the  ivjo  bright 
rings." 

Prof.   Kirkwood  concludes  his'  paper  with  the  declaration  that  the  Nebular 

Hypothesis "assigns  an  obvious  cause  for  the  establishment  of  nuclei  in 

such  positions,  that  their  periods  will  be  nearly  commensurable  with  that  of  the 
disturbing  body.     As  these  nuclei  would  receive  accretions  of  matter  from  portions  ■ 
of  space  both  interior  and  exterior  to  their  respective  orbits,  their  distances  from 
the  central  body,  during  their  planetai-y  growth,  would  not  be  liable  to  great 
variation." 

(65)  Now,  with  our  half-planetary  arrangement  of  the  Asteroid-mass,  (60),  the 
periodic  times  of  Jupiter,  the  exterior  half-planet  mass,  the  interior  half-planet 
mass,  and  Mars,  will,  respectively,  be  related  as  follows;  the  coincidences,  though 
not  absolute,  being  yet  very  close — 

P.  Time  (T)  of  Jujpiter  =  2  (T)  of  exterior  asteroid-mass, 

=  3  (T)  of  interior  asteroid  mass ;  and 
(T)  of  irhterioT  asteroid-mass  ;=  2  (T)  of  Mars. 

Thus  with  the  action  of  Jupiter  on  the  one  side,  and  Mars  on  the  other,  there 
would  be  abundant  occasion  for  the  effects  under  discussion. 

'  Alt  but  tLe  very  diKtnnce  of  the  ivtc.rior  asteroid-mass,  as  exhibited  in  (GO). 
'  See,  again,  Consistency  9,  in  (44)  ;  referred  in  Sole  2,  on  p.  30,  to  this  plajje. 
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Then  also,  in  view,  (62),  of  the  very  small  exterior  half-planetary  mass,  in  this 
instance,  and  the  close  approximation  of  Jupiter's  o'ermastering  influence;  and 
the  much  larger,  (62),  ifUerior  halt-planetary  mass,  and  its  special  relations  to 
Mars  as  here  specified,  we  discern,  at  last,  how  the  formation  of  half-planets  in 
this  region  may  have  been  prevented;  also,  why  the  range  of  the  asteroids  should 
be  so  extensive;  why  the  eccentricity  of  their  orbits  should  be  so  great;  why  so 
many  have  been  discovered  at  distances  approaching  to  that  of  the  interior  half- 
planetary  mass,  and  even  on  the  side  toward  Mars ;  and  why  so  few  have  been 
found  at  distances  approaching  to  that  of  the  exterior  half-planetary  mass.' 

Besides  all  this,  we  have  the  fact,  that  the  actual  distance  of  Mare  [as  seen  in 
Table  (B),  in  (14)j,  is  appreciably  less  than  the  distance  registered  in  the  column 
of  Law;  Mara,  like  Uranus  [see  5  of  (43)],  having  seeraingly  fallen  in;  though 
not,  like  Uranus,  influenced,  to  a  proportionate  extent,  by  a  large  planet  interior 
to  itself;  yet  the  acqmsition  of  sufficient  material  from  the  interior  half-planetary 
mass,  with  the  inferior  velocity  of  revolution  appertaining  to  that  mass,  would  pro- 
duce just  such  an  effect.^ 

And  the  Earth- Venus  mass,  while  it  endured  (if  at  all),  would  have  had  a  periodic 
time  |ths  of  that  of  Mars ;  and  might,  with  the  other  influences  in  question,  con- 
tribute to  the  very  considerable  eccentridty  of  the  orbit  of  Mars  ; — on  which,  how- 
ever, it  does  not  seem  to  be  justifiable  to  insist. 

(66)  In  the  System  of  Saturn  there  are  withal  vacuities,  (64),  in  the  series  of  satel- 
lites, under  the  conditions  already  specified  in  the  other  cases.  Thus,  in  the  large 
interval  from  Japetus  to  Titan,  if  the  places  for  interpolated  terms  as  indicated  in 
Table  (C),  in  (18),  be  compared  with  those  which  would  be  due  to  satellites  with 
periodic  times  commenawaUe  with  the  periodic  time  of  Japetus,  or  with  that  of 
Titan,  we  shall  have  the  following  results: — 

'  Then,  among  things  eupposable,  bnt  not  as  yet  fortified  by  groups  of  coincidences,  and  which 
cannot  now  be  used  in  the  way  of  induction,  are  these:  If  either  of  the  haif-planets  were  after  all 
formed,  the  oblateneas  of  the  nebulous  material  must  have  been  so  great  that  it  might  he  questioned 
whether  of  the  two  possible  forms  of  a  rotating  spheroid  of  equilibrium — the  density  and  the  time  of 
rotation  being  given — the  one  usually  differing  but  little  from  a  sphere,  the  other,  with  the  equatorial 
diameler  enormous  in  comparison  with  the  axis,  the  latter  might  not  be  the  form  of  the  spheroid  here 
produced ;  it  being  such  as  the  ring  of  Saturn  might  become  if  the  body  of  the  planet  were  removed, 
and  the  ring  filled  up  so  as  to  be  imperforate.  Such  a  form  would  be  eminently  unstable  ;  and  if  it 
were  broken  up,  the  fragments  would  all  be  small;  as  the  asteroids  indeed  are. 

Then  two  such  half-planets  (with  orbits,  as  has  been  seen,  very  eccentric)  might  all  the  more 
readily  have  realized  the  iiigenions  coiijecture  advanced  by  Prof,  Taughan  at  the  meeting  of  the 
American  Association  for  the  Advancement  of  Science,  in  1857 ;  viz.  that  the  asteroids  were  the 
fragments  resulting  from  the  collision  of  twQ  planetary  bodies,  in  that  region  of  the  solar  system ; 
thus  presenting  a  new  phase  of  the  hypothesis  of  Olbers. 

In  the  same  category,  as  to  not  famishing  any  induction  as  yet,  may  be  inclnded  the  fact  that 
the  orbit  of  Halley's  (retrograde)  comet  very  nearly  (now)  intersects  that  of  Phocea. 

'  For  additional  proof  of  a  half-planetary  arrangement  in  the  Asteroid  region,  see  Article  (108). 
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(Eeekoniiig  from  Japetus  inward),  sub- 
multiples  ol  pBriodio-tirae  of  Jii'etds, 
aiid  correspouding  distaucea. 

Distanoea  in  aooordauca  with 

ratios  of  terms  in 

Tabla  (C). 

(Reckoning  from  Titau  outward)  nml- 
tiples  of  the  poi  iodii;-timB  of  Tiiab, 

p.™.. 

61.9925 
41.9986 
33.9271 
27.4069  (Hyperion) 

...n„.. 

........ 

^  that  of  JAPETUS 

1    ".    ;! 

49,109 
40.54i 
34.939 
27.919 

SI  that  of  TITAN 
2 

51.037 
40.782 
35,145 
29.014 

In  ilie  Intei'val  from  Titan  to  ithea 

In  accordance  witli  Ratios  of 
Terms  in  Table  (C.) 

(Beckoning  from  Titan  inward)  submaltiplea  of  the 
periodio-time  of  Titab,  and  corresponding  distances. 

n..A.c.. 

r_c.„K. 

........ 

17.3598 

13.4556 

10.8696 

(Rhea)     9.5973 

that  of  TITAN 

1 

16,894 
13.947 
10.644 
9.604 

In  this  region  the  coincidences,  it  will  be  perceived,  are  more  petfefct  than  in  the 
other  region  exterior  to  Titan. 

But  it  is  here,  again,  worthy  of  remark,  that  Hyperion,  outside  of  Titan,  in  a 
place  analogous  to  that  of  Uranus  in  the  planetary  system,  has,  like  that  planet, 
seemingly  fallen  in  smnewhat  from-  its  true  position  in  series ;  as  if  influenced  by 
the  great  interior  body,  under  stringent  ciicuinstances.     \_8ee,  again,  5  of  (43).] 

Exact  Commensurahility  of  Periodic  T'hnes. — Explanation  of  this. 

(67)  M.  Laplace,  in  the  course  of  his  comments  on  his  own  hypothesis,  espe- 
cially notices  and  accounts  for  "  the  rigorous  equality  observed  between  the  angular 
motions  of  rotation  and  revolution  of  every  satellite ;"  all  which  will  be  considered 
in  another  connexion. 

But,  he  adds,  that  "  the  first  three  satellites  of  Jupiter  present  a  still  more  extra- 
ordinaryphenomenon;"  which  consists  in  this,  that  " the  mean  longitude  of  the  first 
minus  three  times  that  of  the  second,  plm  twice  that  of  the  third,  is  always  equal 
to  two  right  angles." 

Next,  with  respect  to  the  existing  satellites  of  Saturn,  we  have  the  statement  of 
Sir  J,  Herschcl  that  "  A  remarkable  relation  subsists  between  the  periodic  times 
of  the  two  interior  satellites  and  those  of  the  two  next  in  order  of  distance,  viz., 
that  the  period  of  the  third  (Tethys)  is  double  that  of  the  first  (Mimas),  and  that 
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of  the  fourth  (Dione)  douhle  that  of  the  second  (Enceladus).  The  coincidence  is 
exact  in  either  case  to  about  the  800th  part  of  the  larger  period."^ 

Again,  in  the  Americmi  Journal  of  Science  and  Arts,  Sd  iSeries^  vol,  iii,  p.  67 
(1872),  is  an  extract  from  a  letter  of  Prof  Benjamin  Peirce  to  Prof  Newton,  in 
which  Prof.  Peirce  says :  "  I  have  discovered  three  fixed  equations  between  the 
mean  motions  of  the  four  outer  planets.  If  the  mean  motions  of  Jupiter,  Saturn, 
Uranus,  and  Neptune  are  respectively  represented  by  n",  n"',  n"",  and  *i""',  these 
equations  are — 

4n"  +    9«^"'  =  16)i'^^ 

2n''    +  17»^"  +    63J.'''"  =  12n'''' 

3m'""  ^    Sn""^  =      n'' 

To  which  he  adds "  If  all  the  three  equations  are  admitted, 

the  mean  motions  of  three  of  these  planets  can  be  computed  when  the  fourth  is 
given;"  and  he  exhibits  the  requisite  equations.  He  states,  moreover,  that  the 
reception  of  these  "involves  a  laborious  revision  of  the  theory  of  these  planets, 

and  must  seriously  change  the  elements  of  their  orbits." 

Lastly ; — to  this.  Prof.  Daniel  Kirkwood  adds  :^  "  The  recent  note  of  Prof.  Peirce 
announcing  his  discovery  of  some  interesting  relations  between  the  mean  motions 
of  the  four  outer  planets,  has  recalled  my  attention  to  a  number  of  similar  coinci- 
dences detected  by  myself  several  years  since,  while  engaged  in  a  somewhat  labori- 
ous examination  of  the  planetary  elements.  Of  these  the  following  may  be  worth 
putting  on  record  for  future  discussion  : — 

2^"  —3  n'>  -  lira""  =0 (1). 

2?i'-'_21si''»+ SOw^'"  =0 (2). 

Zn^  —Sn"'^    271""  +  7n""  =  0 (3). 

"  The  re-examination  of  the  last  of  these  has  recently  led  to  the  discovery  of  two 
others,  viz: — 

68m"  -  325n^»  +  257)i'''' =  0 (4). 

25771"  -  844ft'''  +  587«''''  ^0 (5)." 

*'  Tlie  fifth,  however,  is  not  an  independent  equation,  but  is  derived 

from  the  third  and  fourth.  ...  It  is  obvious,  moreover,  from  the  same  equations, 
that  no  three  of  the  four  outer  planets  can  ever  he  in  conjtmction  at  the  eame  time." 

The  more  thorough  revision  indicated  by  Prof.  Peirce  would  be  requisite  before 
all  these  relations  could  be  definitely  settled  ;  but  they  furnish  additional  occasion 
both  in  the  planetary  system  and  in  that  of  Saturn  for  the  explanation  which  M. 
Laplace  himself  has  given,  in  Note  VII  to  the  St/stime  du  Monde,  of  the  special 
relation  apparent  in  the  first  of  the  instances  here  quoted,  viz.,  that  of  Jupiter's 
satellites. 

That  illustrious  astronomer  indicates  that  "  in  order  to  produce  the  equation 
with  regard  to  those  satellites,  already  quoted,  it  would  be  sufficient  that,  at  first, 

'  Outlines  of  Astronomy  [lltb  edition),  (550). 
'  At  p.  208  of  tlie  same  volume. 
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there  should  have  been  a  very  close  approximation  to  the  conformity  in  question, 
and  then  the  mutual  attraction  of  the  satellites  would  rigorously  establish  such  a 
conformity ;"  and  hence,  moreover,  "  make  the  mean  longitude  of  the  first  satellite 
mintia  three  times  that  of  tlie  second,  j?Zks  twice  that  of  the  third,  always  equal  to 
a  semi-circumference." 

At  the  same  time,  as  he  says,  this  would  originate  a  periodical  inequality  depend- 
ant on  the  small  quantity  by  which  the  mean  motions  "  primitively  deviated  from 
the  relation  which  we  have  announced.  Notwithstanding  all  the  care  which 
Delambre  took  to  make  out  this  inequahty  by  observation,  he  could  not  discover  it ; 
which  proves  its  extreme  minuteness,  and  consequently  indicates  with  very  great 
probability  a  cause  which  made  it  disappear." 

M.  Laplace  then  proceeds  to  show  that,  on  his  own  hypothesis,  the  satellites  of 
Jupiter,  immediately  after  their  formation,  did  not  move  in  a  perfect  vacuum ;  but 
that  the  less  condensable  molecules  of  the  primitive  atmospheres  of  the  sun  and  of 
the  ^\sji&t  furnished  a  resisting  medium,'-  the  effect  of  which  would  be  different  on 
every  one  of  the  satellites  in  question,  and  when  their  motions  attained  the  con- 
ditions requisite  to  the  establishment  of  the  conformity  of  motions,  the  same  resist- 
ance diminished  the  inequality  to  which  this  relation  gave  rise,  and  finally  rendered 
it  insensible. 

AU  this  may  well  be  extended  to  the  case  of  the  conformity  of  ;periodio-times  in 
Saturn's  system^  as  well  as  those  of  the  periodic-tlmea  of  the  outer  planets  already 
specified. 

M.  Laplace  illustrates  the  process  in  question  by  the  retarded  motion  of  a  pen- 
dulum in  a  resisting  medium;  entire  revolutions  being  reduced  to  oscillations 
diminished  continually  by  the  resistance  of  the  medium,  and  in  the  end  annihi- 
lated; the  pendulum  coming  to  rest,  and  ever  after  remaining  so. 

The  original  passage  in  which  this  illustration  occurs,  is  the  closing  one  of  the 
Systems  du  Monde;  and  is  as  follows: — 

"On  ne  pent  mieux  comparer  ces  efi'ets,  qu'au  mouvement  d'un  pendule  anim6 
d'nne  grande  vitesse,  dans  un  milieu  tres  peu  resistant.  II  ddcrira  d'abord  Tm 
grand  nombre  de  circonferences ;  mais  a  la  longue,  son  mouvement  de  circulation 
toujours  d^croissant  se  changera  dans  im  mouvement  d'osciliation,  qui  diminuant 
lui-m^me  de  plus  en  plus,  par  la  resistance  du  milieu,  finera  par  s'an^antir;  alors 
le  pendule  arrive  a  I'etat  du  repos,  y  restera  sans  cesse." 

The  changes  indicated  in  the  quotation  in  the  next  article,  contemplate  a  veri- 
table oscillation,  in  some  measure  like  this. 

Special  Characteristics  of  the  Moon,  and  other  Satellites, 

(68)  M.  Laplace,  commenting  on  his  own  hypothesis,  in  the  connexion  already 
referred  to,  (67),  thus  expresses  himself:  "One  of  the  most  singular  phenomena 
of  the  solar  system  is  the  rigorous  equality  observed  between  the  angular  motions 
of  rotation  and  revolution  of.  every  satellite.     We  may  wager  infinity  to  one  that 
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this  is  not  due  to  chance.  The  theory  of  gravitation  causes  the  infinity  of  this 
unlikelihood  to  disappear,  by  showing  us  that,  for  the  existence  of  the  phenomenon, 
it  would  be  sufficient  that  the  motions  should  have  been  very  little  different  at 
their  origin.^  Then  the  attraction  of  the  planet' established  between  them  a  perfect 
equality;  but  at  the  same  time  gave  rise  to  a  periodic  oscillation  of  the  axis  of  the 
satellite  directed  toward  the- planet,  the  extent  of  it  dependant  on  the  primitive 
difference  of  the  two  motions.  Tlic  observations  of  Mayer  on  the  libration  of  the 
moon  and  those  which  MM.  Bouvard  and  Nicollet  made  with  reference  to  this 
matter,  at  my  request,  have  failed  to  make  known  this  oscillation.  The  difference 
on  which  it  depends  must,  therefore,  have  been  very  small;  which  indicates,  with 
extreme  probability,  a  special  cause  which  first  kept  this  difference  within  the  very 
narrow  limits  within  which  the  attraction  of  the  planet  could  establish  an  equality 
between  the  mean  motions  of  rotation  and  revolution,  and  which  afterwards 
destroyed  the  oscillation  which  this  equality  liad  originated.  Both  these  effects 
result  from  our  hypothesis.  For  it  will.be  understood  that  the  moon  in  the  state 
of  vapors,. formed,  because  of  the  powerful  attraction  of  the  earth,  an  elongated 
spheroid  the  major  axis  of  which  must  be  incessantly  directed  towards  that,  planet, 
from  the  facility  with  which  vapors  yield  to  the  smallest  force  which  animates 
them.  The  terrestrial  attraction  continuing  to  act  in  the  same  manner  when  the 
moon  was  in  a  fluid  state,  at  length,  an  approximating  incessantly  the  two  motions 
of  this  satellite,  caused  them  to  fall  within  limits  such  that  their  rigorous  equality 
began  to  be  established.  Afterwards  this  attraction  must,  little  by  little,  have 
annihilated  the  oscillation  which  this  equality  produced  in  the  axis  of  the  spheroid 
directed  towards  the  earth," 

"  It  is  thus  that  the  fluids  which  covered  this  planet^  have  destroyed,  by  their 
friction  and  their  resistance,  the  primitive  oscillations  of  its  axis  of  rotation,  which 
now  is  subjected  but  to  the  nutation  resulting  from  the  actions  of  the  sun  and  the 
moon.  It  will  be  readily  seen  that  the  equality  of  motions  of  rotation  and  revolu- 
tion would  present  an  obstacle  to  the  formation  of  rings  and  of  secondary  satellites 
from  the  atmospheres  of  those  bodies.  Accordingly,  observation  has  thus  far 
indicated  none  such." 

(69)  It  is  claimed  that  the  other  satellites  of  the  planetary  system  resemble  the 
moon  in  the  coincidence  of  their  times  of  rotation  and  revolution;  and  thus  pre- 
senting always  yearly  the  same  side  of  any  satellite  toward  its  primary.  This  is 
inferred  from  special  vicissitudes  of  the  light  of  the  satellites  recurring  when  they 
have  again  arrived  ai  the  same  positions  in  their  orbits  around  their  respective. 
primaries. 

Nor  is  that  all.  Among  the  remarkable  phenomena  presented  by  satellites  is 
that  of  their  seeming  loss  of  light;  all  Jupiter's  satellites,  having,  at  times,  been 
seen  to  transit  the  disk  of  the  planet,  appearing,  in  whole  or  in  part,  as  dark  instead 
of  bright  spots ;  and  that  sometimes  after  having  first  appeared  bright  and  then 
dusky. 

^  In  this  coniiesion,  see,  again,  Note  on  p.  32.  '  The  Earth. 

7  January,  1875. 
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This — as  has  elsewhere  been  indicated  by  the  author  of  this  paper— would  seem 
to  be  due  to  the  absorption,  and,  possibly  also,  to  the  interference  of  light  on  a 
scale  such  as  Astronomy  alone  exhibits;  of  the  light,  viz.,  reflected  from  Jupiter 
and  meeting  that  of  the  satellite, 

(a)  Aside  from  all  that,  however,  the  phenomenon,  or  rather  phenomena,  in 
question  would  seem  to  be  consistent  with  the  conclusion  of  a  coincidence  in  the 
times  of  rotation  and  revolution;  for  the  appearance  of  the  satellite,  in  the  course 
of  its  transit,  as  a  black  spot  has,  within  moderate  intervals  of  succession,  recurred 
■  when  the  satellite  bad  returned  to  a  like  position  in  its  orbit  around  its  primary/ 
'(b)  Admitting  the  absorption  already  indicated;  then,  instructed  by  the  revela- 
tions of  the  spectroscope,  we  may  regard  it  as  probable  that  the  satellite  must  be 
colder  than  its  primary.^ 

(c)  This  last  would  happen — indeed  we  would  have  a  reason  for  it — if  the  satel- 
lite, like  the  moon,  had  little  or  no  atmosphere, 

(d)  All  these  analogies  would  be  quite  consistent  with  the  hypothesis  that  all 
these  satellites  (including  the  moon)  had  been  similarly  condensed  from  the  nebulous 
state,  and  then  subjected  to  the  stringent  conditions  which  prevail  in  satellite 
systems.  The  loss  of  atmosphere  is  one  of  the  snpposable  consequences  of  those 
stringent  conditions;  as  indeed  M.  Laplace  has  intimated,  when  after  stating  the 
distance  at  which  the  attractive  force  of  the  earth  is  in  equilibrium  with  that  of 
the  moon,  he  adds :  "  If  at  this  distance,  the  primitive  atmosphere  of  the  moon  had 
not  been  deprived  of  all  elasticity,  it  would  be  carried  to  the  earth,  which  could 
thus  draw  it  to  itself,  {asplrer').  This  is,  perhaps,  the  reason  why  the  moon's 
atmosphere  is  so  nearly  insensible."* 

Of  the  Zodiacal  Light. 

(70)  As  to  the  region  of  the  zodiacal  light ;  M.  Laplace,  in  speaking  of  the 
atmosphere  of  the  sun,  says:  "The  atmosphere  at  the  equator  cannot  extend 
beyond  the  point  where  the  centrifugal  force  exactly  balances  gravitation ;  for  it  is 
manifest  that  beyond  that  limit  the  fluid  must  itself  be  dissipated.  As  respects  the 
sun,  this  point  is  at  the  distance  from  his  centre  of  the  radius  of  the  orbit  of  a 
planet  which  would  complete  its  revolution  in  a  time  equal  to  that  of  the  rotation 
of  the  sun.     The  atmosphere  of  the  sun,  therefore,  does  not  extend  even  to  the 


'  Bnt  tho  oonclusioa  is  not  a  necessary  one.  M.  Secchi  makea  tho  time  of  rotation  shorter  than 
that. 

'  Some  recent  observations  of  Jupiter  seem  to  indicate  that  the  planet  itself  is  highly  heated — 
possibly  even  to  the  extent  of  being  locally  self-luminous.  The  color  of  the  belts  and  its  Tariations 
together  seem  consistent  with  all  this.  [Witness  the  exquisitely  beautiful  chromo -lithographs  accom- 
panying the  Earl  of  Roase's  paper  in  No.  5.  of  vol.  XXXIT,  of  the  Proceedings  of  the  Royal  Asbro- 
nomical  Society  ;  and  Mr.  John  Browning's  very  heaatifn!  representations  of  similar  phenomena  in 
No.  9  of  the  same  volume.  Also  M,  Tacebini's  very  remarkable  diagram  of  Jupiter's  appearance; 
with  his  explanations  (Comptes  Bendus,' toroG  LXXVI,  p.  423).] 

'  Conclusion  of  Chap.  X,  of  Book  IV,  of  the  SysUme  du  Monde.  Tor  a  discussion  and  an  expla- 
nation of  tho  various  phenomena  here  in  question,  sec  two  communications,  by  the  author  of  thia 
paper,  to  the  Aslronomische  Naohrichien,  Nob,  198(5  and  2012. 
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orbit  of  Mercury,  and,  consequently,  it  does  not  produce  the  zodiacal  light,  which 
seems  to  extend  even  beyond  the  earth's  orbit.  Moreover  this  atmosphere,  whose 
polar  axis  must  be  at  least  two-thirds  of  that  of  the  equator,  is  very  far  from 
having  the  lenticular  form  which  observations  give  to  the  zodiacal  light."' 

(71)  Next  as  to  the  origin  and  the  constitution  of  the  material  which  gives  us 
the  zodiacal  light,  we  have:  "If,  among  the  zones  abandoned  by  the  atmosphere 
of  the  sun,  there  should  be  molecules  too  volatile  either  to  combine  themselves,  or 
to  unite  with  the  planets,  they  ought,  while  continuing  to  circulate  about  the  sun,  to 
present  all  the  phenomena  of  the  zodiacal  light  without  opposing  a  sensible  resist- 
ance to  the  diverse  bodies  of  the  planetary  system,  either  because  of  the  extreme 
rarity  of  those  volatile  molecules,  or  because  their  motion  is  very  nearly  the  same 
with  that  of  the  planets  which  they  encounter."^ 

It  will  be  observed  that  the  first  of  the  two  quotations,  here  made,  intiinates  it  as 
probable  that  the  material  from  which  the  Zodiacal  Light  proceeds,  itself  extends 
beyond  the  earth's  orbit.  This  is,  in  fact,  intimated  by  the  existence  of  what  in 
German  accounts  of  observations  of  the  Zodiacal  Light  has  been  designated  as  the 
gegenschein ;  which  is  seen  in  the  part  of  the  heavens  opposite  to  the  sun;  the 
existence  of  which  phenomenon  is  established  by  numerous  observations,  such 
especially  as  are  detailed  in  various  numbers  of  the  Astronomische  Nachrichten. 

(72)  Both  eastern  and  western  appearances  occurring  simultaneously  are  reported 
by  the  late  Rev,  George  Jones,  A.M.^  chaplain  in  the  U.  S.  Navy;  these  phenomena 
being,  among  numerous  others,  the  description  of  which,  and  other  things  connected 
with  them,  itself  occupies  the  whole  of  vol.  iii.  of  the  Report  of  tits  U.  S.  Japan 
Expedition;  and  the  extent  of  the  light  to  hoth  aides  of  the  heavens  is  confirmed 
by  the  observations  of  Col.  Charles  G.  Forshey,  IT.  S.  A.,  made  while  he  was  stationed 
in  an  elevated  and  dry  region  of  Texas;  where,  as  stated  by  Col.  Forshey  to  the 
author  of  this  paper,  that  phase  of  the  phenomenon  was  a  common  occurrence; 
though  the  appearance  of  the  Zodiacal  Light  in  lower  Louisiana,  as  described  by 
him,  was  very  difi'erent.^ 

(73)  All  this  makes  it  more  difficult  to  admit  that  the  material  in  question  can 
be  maintained  in  position,  with  the  sun  for  its  centre  of  reference;  the  conservative 


'  Systems  du  Monde,  Book  IV,  Chap.  X.  "  Bysltnie  du  Monde,  Note  VII. 

'  III  OoL  Forsiiey's  nianuseript  notes,  which  he  has  since  coniided  to  me,  the  Zodiacal  Light  is 
described  as  being  "very  distinct  across  the  heavens,"  Nov.  10,  1858,  at  10  o'clock  P.M.  Aa 
delineated  on  star  charts,  the  outlines  on  this  occasion,  aa  on  many  others,  approach  to  a  hyperbolic 
form,  the  central  line  of  the  luminous  band  being  in  the  position  of  an  asymptote  to  the  two  edges; 
or — if  the  compariaon  may  be  allowfed — the  appearance  often  wag  that  of  an  enormous  trumpet,  the 
lower  end  widening  rapidiy  and  estenaively;  and  on  the  occasion  here  referred  to,  two  such  appoar- 
ancos  are  delineated,  as  having  been  observed ;  the  broad  ends  spreading  out  to  the  horizon,  on 
opposite  sides,  and  the  narrow  portions  united  midway. 

On  the  9th  of  May,  1860,  the  phenomenon  is  described  as  being  "faintly  visible  across  the  canopy ;" 
though  the  whole  display  is  characterized  as  being  "  rather  faint ;"  while  the  "evening"  is  noted  as 
being  "splendidly  clear." 

Also  Nov  13,  1859— "Not  a  very  bright  display.  Still  column  ycry  distinct  ail  the  way  across 
the  sky." 

And,  in  ft  "Note"  under  the  date  of  March  31,  1858,  Col.  Forshey  expressly  says:  "I  now  begin 
to  think  tliat  well-trained  eyes  can  see  it  all  the  way  round,  at  all  times  that  are  clear  and  moonless." 
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influence  of  the  great  planets  being  not  supposable  within  the  extended  limits  of 
the  solar  system;  thongh  the  satellites  of  Saturn,  \_Note  ^  to  7  of  (43)],  are  efficient 
in  that  way,  maintaining  the  position  of  the  rings,  under  the  more- stringent  con- 
ditions of  a  closer  aiTangement. 

Added  to  this,  is  the  consideration  of  the  enormous  extent  which  would  seem  to 
be  required  on  both  sides  of  the  ecliptic,  to  account  for  the  gi-eat  breadth  of  the  base 
of  the  zodiacal  illumination,  even  after  the  disappearance  of  twilight  in  the  evening, 
or  before  daylight  in  the  morning;  all  which  seems  to  be  true  of  the  more  dense, 
and,  if  surrounding  the  sun,  also  tlie  more  distant  portion  of  the  material  in  question, 
which  ougiit,  unless  uncommonly  extensive,  to  be  seen  under  a  smaller  angle  than 
the  other  portions  of  the  same;  a  difficulty  to  which  the  hypothesis  recently 
advanced  by  Mr.  Eichard  A.  Proctor,  F.K..A.S.,  viz.  that  the  Zodiacal  Light  is  due 
to  a  closely  arranged  group  of  meteors,  would  seem  to  be  especially  liable;  and  all 
the  more  so,  if  "assuming"  (as  he  himself  says  we  are  bound  to  do)  "a  consider- 
able degree  of  flatness  in  the  actual  figure  of  the  zodiacal  disk,  and  more  especially 
of  its  more  distant  portions."^ 

And  just  that  difficulty  stiU  remains  if  we  were  even  to  admit  Prof.  Arthur  W. 
Wright's  conclusion  from  his  recent  experiments  on  the  polarization  of  the  Zodia- 
cal Light,  as  far  as  this — that  "the  light  is  reflected  from  matter  in  a  solid  state;" 
since,  he  adds,  in  explanation  of  the  same  that  this  solid  matter  is  that  of  "innu- 
merable small  bodies  revolving  about  the  sun  in  orbits  of  which  more  lie  in  the 
neighborhood  of  the  plane  of  the  ecliptic  than  near  any  other  plane  passing  through 
the  sun."^ 

Now  this  portion  of  the  hypothesis  of  Prof.  Wright,  Mr.  Proctor,  and,  it  may 
be,  others — whatever  may  be  the  special  composition  of  the  material  in  question — 
would  seem  to  require  that  the  apparent  form  of  the  Zodiacal  Light  should  be  some- 
what like  that  of  the  head  of  a  comet,  with  the  expansion  beyond  it  extending 
upward  from  the  sun;  whereas  the  actual  appearance  and  position  are  both  the 
reverse  of  that ;  the  hroad  base  near  the  horizon,  and  the  narrow  and  curved 
termination  at  tJte  upper  end. 

And  then,  moreover,  it  would  seem,  on  the  part  of  the  hypothesis  here  consid- 
ered, that,  in  any  event,  there  must  be  a  conspicuous  central  beam  or  core  of  the 
Zodiacal  Light;  which  we  do  not  find. 

And,  lastly,  what  shall  be  said  of  the  planetary  perturhatione,  which,  it  would 
seem,  ought  to  be  superinduced  by  such  a  closely  arranged  group  of  meteors; 
especially  if  the  "light"  be  indeed  "reflected  from  matter  in  a  solid  state  1" 

Other  objections  to  hypotheses  which  would  make  the  material  to  which  we  owe 
the  Zodiacal  Light  to  he  an  appendage  of  a  lenticular  or  other  form,  referable  to 
the  sun  as  its  centre,  are  very  exhaustively  considered  by  Chaplain  Jones  in  the 
volume  already  referred  to.      The  hypothesis  that  the    Zodiacal  Light  is  due  to 

1  Iq  a  long  and  carefully  considered  Note  on  the  Zodiacal  Light  in  the  Monthly  Notices  of  the 
Jtoyal  Astronomical  Society,  vol.  sxxi,  No.  1  (Nov.  11,  1810). 

'  American  Journal  of  Science  and  Arts,  Third  Series,  vol.  vii.  p.  45T  (No.  41— May,  1874), 
Will,  after  all,  onr  terrestrial  experience  as  to  the  conditions  of  polarization,  justify  us  in  making  tl 
a  criterion  of  the  stale  of  anything  so  peculiar  as  the  matter  in  question  ? 
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reflection  from  the  earth's  atmosphere  is  also  discussed  and  rejected  by  him. 
Upon  this,  however,  it  will  not  be  necessary  here  to  comment;  as  it,  most  proba- 
bly, ia  no  longer  insisted  upon  by  any  one. 

(74)  It  remains,  thenj  to  consider  with  what  modifications  we  may  admit  Mr, 
Jones's  hypothesis;  that  the  nebulous  material  which  gives  the  Zodiacal  Light  is  a 
terrestrial  appendage;  and  also  what  is  the  conservative  force,  which  may  insure 
its  preservation  of  form,  and  its  maintenance  in  its  revolution  around  the  earth, 
even  in  close  proximity  to  the  moon. 

Antecedent  to  all  that,  however,  will  be  found  to  be  the  questions  of  density 
and  of  mode  of  illumination,  as  wcU  as,  in  its  proper  connexion,  the  question  of 
parallax. 

The  density  of  the  material  in  question  seems  indeed  to  be  that  intimated  in 
the  description  of  M.  Laplace  already  quoted,  (71) ;  viz.  that  which  pertains  to  the 
state  of  molecules  "  too  volatile  either  to  combine  themselves,  or  to  unite  with  the 
planets."  And  this  is  confirmed  by  the  spectrum-analysis;  the  result  of  which 
has  led  to  no  other  reliable  conclusion  than  that  of  the  extreme  rarity  of  this  same 
material.^ 

This  same  rarity  of  the  material  in  question  is  withal  indicated  by  its  trans- 
parency. 

Of  this  Kev.  George  Jones  says,  under  date  of  Dec.  30,  1854  (in  lat.  10°46'  N., 
long.  89°3r  W.  of  Greenwich):  "I  also,  this  morning,  gave  attention  to  the  stars 
as  seen  through  the  Zodiacal  Light,  and  found,  even  to  4''  30™,  when  the  effulgent 
light  below  the  zigzag  lines  (in  the  chart)  is  very  strong,  that  with  the  naked  eye 
I  could  readily  make  out  stars  of  the  6th  magnitude  within  the  effulgent  light; 

also  a  line  of  four  stars  below  19  Librte,  and  ranging  with  /3  Librge; 

the  two  northernmost  of  these  last  are  of  the  7th  magnitude,  yet  I  think  the 
naked  eye  detected  them,  even  within  this  effulgent  light;  but  the  last  are  near 
its  upper  edge.  All  this  shows  the  great  transparency  of  the  substance  giving 
the  Zodiacal  Light."^ 

(75)  The  consideration  of  these  phenomena  leads  to  the  conclusion,  That  this 
light  proceeds  from  particles  which,  as  respects  size,  are,  at  most,  all  but  molecular, 
and  if  discrete,  and,  possibly,  "  solid,"  yet  excessively  small  solids.  It  then  must  also 
largely  be  transimtted  light ;  and  so  the  illuminated  material  appear  brighter  in  the 
speeial  direction  in  which  the  light  is  transmitted.  Chaplain  Jones  illustrates  this  in 
part,  when  he  says  that  "  it  seems  to  be  quite  conclusive,  on  an  inspection  of  these 
charts,  that  we  never  at  any  one  tinw  see  the  whole  actwl  extent  of  the  Zodiacal  Light. 
This  subject  can,  perhaps,  be  elucidated  by  noticing  a  common  event — a  cloud 
silvered  at  one  edge  by  the  rays  of  the  declining  sun.  The  sun  may  be  shining  on 
the  bordering,  quite  around  that  cloud;  and,  if  so,  it  is  sending  off  from  every  por- 
tion of  the  border,  an  equally  brilliant  silvery  light.     But  our  eye  is  in  a  position  to 

*  Such  is  in  effect  the  statement  of  Prof.  Charles  A.  Yonng  (as  tiie  result  of  Iiis  experience  and 
that  of  others),  made  in  a  personal  communication  with  the  author  of  this  paper. 
"  Report  of  Japan  Expedition,  vol.  iii.  No.  211,  at  p.  542, 
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catcli  this  reflection  from  only  one  portion  of  it;  and  the  rest  is  dull  to  our  Tision. 
If  we  could  with  great  rapidity  change  our  positions,  other  portions  of  the  silvered 
edge  would  show  themselves  according  to  our  changes  of  place.  So  also,  when  a 
rainbow  is  presented  to  oar  eye;  the  myriads  of  drops  of  falling  water  in  the  whole 
rain-shower  are  sending  off  from  each  drop  reflections  of  light  in  all  directions,  and 
the  universal  atmosphere  about  us  is  full  of  these  brilliant  variously-colored  rays ; 
but  only  that  portion,  which,  to  us,  forms  the  rainbow  arch,  can  reach  our  eye;  and 
all  the  rest  is  lost  to  our  sight." 

"So  it  is  also  with  the  Zodiacal  Light;  and  the  proof  that  we  never  see  the  whole 
of  its  extent  at  once,  is  manifest  in  the  following  facts:  — 

"1.  When  I  was  in  a  position  wrth  of  the  ecliptic,  the  main  body  of  the  Zodi- 
acal Light  was  on  the  northern  side  of  that  line. 

"  3.  When  I  was  south  of  the  ecliptic,  the  main  body  of  the  Zodiacal  Light  was 
on  its  southern  side, 

"  3.  When  my  position  was  near  or  mi  the  ecliptic,  this  Light  was  equally  divided 
by  the  ecliptic,  or  nearly  so, 

*'  4.  When,  by  the  earth's  rotation  on  its  axis,  I  was,  during  the  night,  carried 
rapidly  to  or  from  the  ecliptic,  the  change  of  the  apex,  and  of  the  direction  of  the 
boundary  lines,  was  equally  great,  and  corresponded  to  my  change  of  place. 

"5.  That,  as  the  ecliptic  changed  its  position  as  respects  the  horizon,  the  entire 
shape  of  the  Zodiacal  Light  became  changed,  which  would  result  from  new  portions 
of  the  nebulous  matter  coming  into  position  for  giving  us  visible  reflection ;  while 
portions  lately  visible  were  no  longer  giving  us  such  reflection,"^ 

(76)  The  phenomena  here  commented  upon  all  serve  to  confirm  the  assertion, 
(75),  that  the  zodiacal  illumination  must  largely  be  transmitted  light;  and  so  the 
illuminated  material  appear  brighter  in  the  special  direction  in  lohich  the  light  is 
transmitted ;  as  the  sun  illuminates  the  partially  transparent  vapor  in  our  atmos- 
phere through  rifts  in  the  clouds,  and  thus  produces  the  appearance  familiarly 
described  as  "the  sun  drawing  water, "^ 

(77)  The  light  being  transmitted,  other  phenomena  would  also  be  in  place, 
among  which  are  absorption — possibly  interference  — and  also  fluorescence;  new 
waves  being  originated  in  this  case,  as  well  as,  perhaps,  in  that  of'  the  comets ; 
the  spectrum-analysis  of  whose  light  seems  to  show,  among  other  phenomena, 
characteristics  of  self-luminous  material. 

(78)  To  this  it  may  now  be  added,  that  the.  nebulous  ring  of  Chaplain  Jones, 
may  well  be  regarded  as  having,  indeed,  not  the  lenticular  form  attributed  to  the 

'  "The  irst  four  of  these  results  were  not  always  uniforra  ;  bat  the  exceptious  were  few,  aud  were 
probably  occasioned  by  the  nebulous  ring's  not  lying  exactly  in  the  plane  of  the  ecliptic."  From  the 
Introduction  to  Chaplain  Jones's  Report,  pp.  xvi  and  xvii. 

'  Mr,  Proctor  also  seems  inclined  to  admit  the  possibility  of  a  more  intense  illumination  in  special 
directions  ;  though  not  decided  as  to  its  cause,  when  iie  says  at  the  close  of  his  Note  on  the  Zodia- 
cal Light,  referred  to  in  (13)  :  "  If  some  solar  action,  for  example,  rouses  luminosity  in  certain  defi- 
nite directions— as,  for  instance,  near  the  plane  of  the  Snn'e  equator— in  some  such  way  as  light  is 
caused  to  appear  along  radial  lines  through  and  beyond  the  heads  of  comets,  our  power  of  theoriz- 
ing from  such  considerations  as  have  been  dealt  with  in  this  paper  would  be  limited." 
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material  giving  the  zodiacal  light  by  older  hypotheses  (which' he  does  not  claim); 
nor  yet  that  of  a  ring  like  those  of  Saturn;  nor  yet  a  ring  of  greater  thickness, 
partially  luminous  indeed  in  appearance,  as  Mr.  Jones  would  have  it;  but  we  must 
have  for  it  the  form  of  what  may  rather  be  termed  a  girdle,  of  no  great  thickness, 
it  may  be — it  is  too  translucent  for  that — but  yet  of  very  considerable  width,  such 
as  will  provide  for  the  broad  base  of  the  Zodiacal  Light,  and  the  extended  elliptical 
spot  which  exhibits  the  "■  gegeiischein'''^  opposite  to  the  sun;  and  which  latter  would 
seem  to  be  almost  whoUy  due  to  reflection.  There  may  also  be  some  reason  to 
suppose  that  the  curvature  of  the  girdle,  on  the  one  side  at  least  (that  on  which 
the  "  gegenschein"  appears)  is  such  as  would  be  due  to  a  spheroidal  shell  such  as 
has  been  described  in  Article  (37)  of  this  paper.  Such  a  girdle,  withal,  could  not 
-perhaps  ever — have  all  its  breadth  enveloped  in  the  earth's  shadovs. 


How  the  Girdle  is  tnaintained. 

(79)  The  question  at  once  becomes  a  pertinent  one,  How  can  such  a  girdle 
escape  destruction  by  the  continued  perturbation  of  the  moon,  acting  in  close 
proximityf 

The  answer  to  this  question  may  be  found,  if  the  girdle  be  so  situated  that  its 

TIME  OF  REVOLUTION  AROUND  THE  EARTH  SHALL  BE  EQUAL  TO,  AND  IN  THE  SAME  DIREC- 
TION WITH,  THAT  OF  THE  MOON.  The  conditions  requisite  to  fulfil  this  will  first  be 
considered,  and  then  the  phenomena  that  seem  to  be  accordant  with  the  actual 
maintenance  of  such  conditions. 

(80)  If  the  earth's  attraction  alfme  were  concerned,  the  form  of  the  revolving 
girdle  must,  it  would  seem,  be  that  of  a  spheroidal  shell;  such  as  that  indicated 
in  (37).  The  attraction  of  the  moon  will  distort  this,  yet  so  that  the  shape  shall 
also  be  consistent  with  the  stringent  condition  as  to  the  periodic  time. 

Fig.  13. 


Am    1         JB\ 


--#- 


'   Gounter-gleam,  we  might  perhaps  term  it ;  tliough  that  scarcely  seems  so  apt  as  the  German  word 
for  the  same  thing,  here  quoted. 
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The  middle  line  of  the  girdle  will,  notwithstanding,  form  an  oval,  which,  at  any 
time,  in  its  arrangement  around  the  earth,  will  not  anywhere  be  found  at  a  dis- 
tance differing  much  from  that  of  the  moon  at  that  time;  except  in  those  portions 
comparatively  near  to  the  moon. 

That  part  of  the  oval  nearest  the  moon  may  pass  between  the  moon  and  the 
earth,  as  in  Fig.  13;  or  else  outside  of  the  moon,  as  in  Fig.  14;  in  both  of  which 
£  marks  the  position  of  the  earth,  and  ilf  that  of  the  moon. 

In  the  determination  of  the  dimensions  in  either  case,  it  will  be  convenient  to 
ascertain  the  periodic  time  of  a  particle,  or  of  an  inappreciable  mass,  revolving 
around  the  earth  at  the  mean  distance  of  the  moon;  which  we  may  obtain  by  the 
aid  of  the  following  formula,  in  which  (7')  will  be  put  for  the  periodic  time;  M 
and  m  representing  the  masses  in  question,  and  r  the  radius-vector ;  and  we  have 

^^'-tIt^ ''>■ 

Then,  when  m  is  insensible, 

and,  when  r  is  the  same  for  both,  from  these  we  also  have, 
in       VVT^,  .  ...  (3);  01 

(r)  =  i^^^(r)..,.  ..  W; 

which,  otherwise  expressed,  is 

(n=J*+-^'-(r) (5). 

Then,  \st — Making  special  application  of-  either  Fq.  (4),  or  Fq.  (5)  to  the  exam- 
ple in  which  M  and  rn,  respectively,  represent  the  masses  of  the  earth  and  the 
moon,  and  (J")  the  moon's  periodic  time,  we  shall  have  the  periodic  time  of  a 
particle,  or  of  an  insensible  mass,  revolving  around  the  earth  at  the  distance  of  the 
moon. 

2<2.  Ascertain  the  periodic  time  (t)  of  the  same  insensible  mass,  revolving  about 
the  earth,  at  the  assumed,  distance  FA,  by  the  application  of  Kepler's  Sd  Lmv. 

dd.  The  attractive  forces  of  the  moon  and  the  earth,  respectively,  acting  at  A 

may  be  separately  computed  in  accordance  with  the  law  of  gravitation  (-^1,  and 

then  taking  the  difference  of  the  two  forces,  when  the  state  of  things  is  that  repre- 
sented in  Fig.  13;  and  expressing  this  difference  in  terms  of  the  earth's  force  F, 


P 

viz.  as  - , 

revolving  at  distance  FJA,  already  computed),  we  shall  have 


F;  then  (with  (t),  the  periodic  time  around  the  earth  of  an  insensible  i 


'  Bneyclopfedia  MetropoHtana — Physical  Astronomy,  Section  V. 
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((')',  for^i!'        J?"  itself 

^  ^ ;  whence 

{t)\  for  T  If 

9 

((')"= —•  W;  ani 

If 

1 

r  p      1 . 
If'      J 

Then  ii  (t'),  thus  computed,  be  found  to  be  equal  to  the  moon's  own  periodic  time, 
the  point  A  will  have  been  accurately  ascertained ;  the  particle,  or  the  insensible 
mass  (in  the  line  EM)^  completing  its  revolution  at  the  distance  EA,  in  the  same 
time  with  the  actual  revolution  of  the  moon  around  the  common  centre  of  gravity 
of  the  moon  and  the  earth. 

But  if  (t)  differ  at  all  from  that,  the  difference  may  be  exhausted  by  the  con- 
tinued application  of  the  method  of  trial  and  error. 

When  A  is  situated  beyond  the  moon  (in  accordance  with  the  representation  in 
Fig.  H)  the  sum  of  the  attractive  forces  of  the  two  bodies  must  be  made  to  enter 
into  the  equation  to  determine  the  value  of  (0,  instead  of  the  diifereuce  of  those 
same  forces.  So  also,  for  the  distance  from  E  to  B,  on  the  opposite  side  of  the 
earth. 

(81)  Now  the  division  or  the  extension  of  EM  (as  the  case  may  be)  so  as  to  give 
the  distance  EA,  this  depends  upon  the  forces  in  question,  and,  ultimately,  on  the 
ratio  of  the  masses,  and  not  upon  the  absolute  length  of  EM.  Hence  EA  and  EB 
will  each  have  a  constant  ratio  to  EM ;  whether  the  moon  be  in  apogee,  or  in 
perigee,  or  at  the  mean  or  any  other  distance.  The  same  is  true  of  the  distance 
of  the  moon  from  the  common  centre  of  gravity  of  the  moon  and  the  earth,  i.  e.  of 
the  radius-veotor  of  the  moon's  orbit ;  and  for  the  same  reason. 

Now, — (a.)  Every  other  of  the  quantities  in  question  having,  after  this  maimer, 
a  constant  ratio  to  EM ;  it  will  follow  that,  under  all  their  variations  of  value,  the 
value  of  any  one  of  the  quantities  will  preserve  a  constant  ratio  to  the  coexistent 
value  of  any  other;  and  therefore,  specifically,  to  the  coexistent  value  of  the  moon's 
raditis-veGtor  ;  or  the  square  of  the  one,  a  constant  ratio  to  the  square  of  the  other, 

(b.)  Next,  as  M,  E,  A,  and  B,  under  the  conditions  in  question,  are  preserved  in  the 
same  straight  line;  it  follows  from  the  doctrine  of  parallels,  that  the  angular  change 
of  direction  of  M  revolving  about  the  common  centre  of  gravity  of  M  and  JS,  or 
that  of  A  and  B  revolving  about  E,  will  be  the  same  with  reference  to  any  fixed 
direction  in  space,  such  as  that  of  EM  (at  any  instant),  or  with  reference  to  its 
parallel ;  or  the  same  will  be  true  with  respect  to  the  first  tendency  to  such  change, 
i.  e.  its  differmhtial. 

(c.)  Hence  also,  especially,  the  angular  change  of  direction  which  would  take 
place,  were  such  a  tendency  preserved  during  the  next  unit  of  time,  i.  e.  the  co- 
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existing  angular  velocity  of  M,  A,  B,  (in  their  revolution  of  every  one  of  them 
around  its  centre  of  reference)  would,  in  every  instance,  have  the  same  value. 

{d.)  But  this  same  angular  velocity  in  the  moon's  orbH  varies  inversely  as  the 
square  of  the  radius-vector,  and  the  coexisting  values  of  the  squares  of  EA  and  ]iB, 
respectively,  having  (as  already  shown)  constant  ratios  to  that ;  their  ratios  may  be 
substituted  for  the  ratios  of  the  respective  coexisting  values  of  the  squares  of  the 
radii-vectores  themselves;  and  the  inversion  of  the  one  for  the  inversion  of  the  other. 

(«.)  By  substitution,  then,  the  respective  squares  of  EA  and  EB  are  inversely 
as  the  coexisting  angular  velocities  in  the  moon's  orbit. 

(/.)  But  the  same  angular  velocity  being  (as  also  shown)  common  to  all  the  three 
masses  in  .question;  every  one  of  those  masses  will  also  have  its  angular  velocity 
inversely  as  the  square  of  its  own  radius-vector;  and  that  will  imply  the  principle 
of  tJie  conservation  of  areas  ;  and  thus  maintain  not  only  for  the  moon,  but  also  for 
the  other  masses,  in  the  consentaneous  revolution  of  all,  a  dynamical  equilibrium. 

(g.)  Then  withal  the  constancy  of  the  ratios  already  specified,  will  secure,  under 
the  coexisting  similar  change  of  angle,  the  same  ratios  among  the  radii-vectores  of 
all  the  three  trajectories  here  in  question;  and  just  all  that  implies  that  the  same 
polar  equation  will  apply  to  all  the  threo. 

(7t.)  Hence  the  trajectories  of  A  and  B  are  both  ellipses;  as  well  as  (perturba^ 
tions  apart)  is  the  orbit  of  the  moon ;  even  more  than  this,  under  those  stringent 
conditions  (common  to  all);  viz.  the  trajectories  are  all  similar  ellipses. 

(82)  The  positions  of  the  points  A  and  B,  on  the  supposition  that  the  girdle 
on  the  one  side,  is  between  the  earth  and  the  moon,  as  in  Fig.  13,  is  exhibited  iii 
the  following  table ;  the  distances  represented  being  in  terms  of  the  earth's  equa- 
torial radius. 


Moon's  Distance 

(EA)  Internal  Distance  of  Girdlu 

(EB)  External  Distance  of  (iirdle 

.P.K.... 

„„„„„„„.. 

■~ 

5G.064 
48.309 
56.190 

00.213 
51.11G 
60.090 

63.58Bi 
53.932i 
63.389 

On  the  supposition  that  the  girdle  encompasses  the  moon,  as  in  Fig.  14,  we 
have: — 


,.„„... 

ATMBAHlHS'rANCB. 

,,„„... 

50,964 
66,426 

60,273 

10,285 

63.583i       . 
14.144i 

(EA)  External  Distance  of  Girdle 

(83)  As  A,  B,  and  the  moon  thus  describe  similar  ellipses  with  their  radii- 
vectores  coincident  in  the  same  straight  line ;  it  is  manifest  that  the  portions  of 
the  girdle  in  the  immediate  neighborhood  of  A  and  B  will  expand  (the  material 
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being  readily  adjustable)  as  tbe  moon  passes  from  perigee  to  apogee ;  and  they 
will  contract  as  the  moon  passes  from  apogee  to  perigee  ;  the  cohesive  power  and  the 
gravitation  of  outer  to  inner  portions  being,  in  any  event,  insensible ;  and  so  each 
particle  or  molecule  moving  in  its  independent,  or  nearly  independent,  ellipse  very 
much  as  Sir  J.  Herschel  has  intimated  that  tlie  molecules  of  comets  might  move.-' 

Then,  too,  a,  permanent  tide  must  influence  and  control  the  form  of  the  girdle  ; 
this  tide  (with  the  arrangement  as  in  Fig.  14)  being  in  some  sense  SMpra-lunar, 
instead  of  6M&-lunar,  in  the  region  of  the  crest  of  the  girdle  extending  beyond  the 
moon. 

By  such  a  tidal  action  an  accwmulaiion  of  material  will  be  determined  toward 
the  two  extremities  of  that  axis  of  the  girdle,  which  at  any  time  passes  through  the 
two  centres — that  of  the  earth  and  that  of  the  moon— and  which  is  extended  to 
the  girdle  on  both  sides  [i.  e.  toward  A  and  B  in  either  of  the  cases  represented, 
the  one  in  Fig.  13,  and  the  other  in  Fig.  14], 

And  the  portions  of  the  adjustable  material  here  specified  having  themselves 
been  once  so  adjusted  (radii-vectores  and  all)  as  to  be  held,  or  very  nearly  held,  in 
a  dynamical  equilibrium,  such  as  is  specified  in  (81) ;  the  compulsory  power  of  the 
forces  acting  on  such  material,  under  such  stringent  circumstances,  might  well  be 
supposed  to  bring  about  the  form  required  to  secure  a  dynamical  equilibrium  of 
the  girdle ;  though  the  oscillations,  in  various  directions,  antecedent  to  that,  would 
present  a  problem  of  no  ordinary  difficulty. 

However  all  that  may  be — the  dynamical  equilibrium  of  all  parts  of  the  girdle 
being  once  established,  the  state  of  things  afterward  would  be  eminently  conserva- 
tive of  the  same  ;  such  being  especially  the  case  with  respect  to  the  various  actions, 
which,  under  other  conditions,  might  be  eminently  destructive. 

(84)  If  the  girdle  (as  at  A  in  Fig.  13)  were  between  the  moon  and  the  earth,  its 
curvature  would  be  diminished  in  the  direction  perpendicular  to  the  moon's  orbit, 
by  the  moon's  own  action ;  though  the  curvature  would  be  increased  by  the  action 
of  the  moon,  on  the  opposite  side;  as  was,  indeed,  intimated,  though  not  at  all 
explained,  in  (78).  But  if  the  girdle  (as  at  A  in  Fig.  14)  were  outside  of  the  moon, 
the  curvature  (perpendicular  to  the  moon's  orbit)  would  be  greater  still. 

(85)  The  second  thing  proposed  in  this  connexion,  was  to  consider  the  pheno- 
mena which  seem  to  be  accordant  with  the  state  of  things  thus  far  represented  as 
being  merely  supposable.  With  respect  to  these  phenomena,  it  may  be  observed, 
that  the  hypothesis  of  the  girdle  having  the  same  periodic  .time  with  the  moon 
suggested  itself  as  a  necessity,  to  insure  the  preservation  of  the  girdle  itself;  and, 
in  the  brief  interval  which  has  since  elapsed,  the  variations  of  the  Zodiacal  Light 
have,  to  some  extent,  been  carefully  noted,  and  then  referred  for  explanation  to  the 
hypothesis. 

And  here  the  phenomena  seem  to  be  more  consistent  with  the  arrangement  of 
the  girdle  as  represented  in  Fig.  14 ;  the  point  A  being  situated  Jieyond  the  moon. 

'  Cabinet  Cyclopgedia — Asiironoiny[^iii). — With  tbia  Prof,  Wright's  conclusions,  (t.^),  with  respect 
to  the  eonititution  of  the  materiaS  in  qiiestioii  woald  not  be  iu consistent.  See,  again,  Article  (73). 
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With  that  in  view,  the  special  appearances  of  the  Zodiacal  Light  may  be  arranged 
s  follows ;  — 
Case  1st.  The  Zodiacal  Light  appears  narrow  and  towering  high  just  about  the 
time  of  the  new  moon ;  as  though  the  sim's  light  were  indeed 
Fig.  15.  transmitted,  at  that  time,  through  the  least  curved,  and,  proba- 

bly, somewhat  rarer  sides  of  the  oval-shaped  girdle  ;  and  that 
through  a  great  part  of  the  length  of  the  oval.     (^i^ig.  15.) 

Case  Id.  After  tlie  new  moon,  when  the  moon  is  approach- 
ing her  first  quarter ;  when  the  moon  has  set,  and  the  twi- 
light has  disappeared,  the  Zodiacal  Light  does  not  extend  so 
high  as  in  the  preceding  case,  and  its  termination  is  broader, 
and  not  so  sharply  curved,  and  the  intensity  of  the  light, 
withal,  is  not  especially  conspicuous  (as  in  Fig.  16,  for  Zodi- 
acal Light  of  the  morning),  as  though  the  sun's  light  indeed,  in  all  its  transmission, 
passed  through  the  rather  lees  dense  portion  of  ike  girdle; 
^^'  and  passed  out  of  it  in  a  -direction  more  across  the  girdle 

and  riot  so  nearly  at  a  tangent  to  it  (in  its  emt  under  these 
circumstances),  as  in  the  preceding  case. 

Case  Sd.  After  the  full  moon,  and  when  the  moon  is 
approaching  her  last  quarter;  then,  before  the  rising  of  the 
moon,  and  after  the  end  of  twilight,  a  luminous  spot  of 
considerable  size,  and,  in  appearance,  like  the  brighter  por- 
tion of  an  aurora  borealis,  occupies  the  place  in  the  Zodiacal 
Light  which  is  quite  accurately  opposite  to  the  moon's  place; 
and  night  after  night,  as  the  moon  advances,  this  luminous  spot  rises  among  the 
stars,  so  as  still  to  keep  opposite  to  the  moon;  as  though  the  somewhat  more  dense,, 
portion  at  tite  farther  end  of  the  oval  (as  respects  the  moon) 
?  thus  more  conspicuous  than  the  othei-  poHions  then,  in 
mew  ;  and  then  the  upper  extremity  of  the  Zodiacal  Light 
"\  is  broader  and  not  so  sharply  pointed  as  in  Case  1st;  as 

\         iJioughfor  the  reason  assigned  in  Oa^se  %d.     {Fig.  17.) 
I  Case  Ath.    After  the  last  quarter  and  before  the  new 

/         moon,  the  Zodiacal  Light  of  the  evening  is  again  faint,  as  it 
^  was  before  the  first  quarter ;  as  though  the  illumination  were 

'^^'^^..^.^^^^^  lohnlly  of  that  part  of  the-  girdle  beyond  the  region  near  the 

longer  axis.  {Fig.  18.) 
Case  5th.  When  the  moon  is  nearly  in  quadrature,  it  would  seem  that  the 
Zodiacal  Light  must  appear  short  q^nd  bright,  if  apparent  at  all  after  the  twilight 
of  the  evening,  or  before  the  twilight  of  the  morning.  For  the  sun's  light  would 
be  transmitted  by  a  short  course  through  the  most  curved  portion,  near  to  one  end 
of  the  longer  axis  of  the  oval.     {Fig.  19.) 

(86)  Increase  of  brightness  might  be  looked  for,  with  the  moon  in  perigee;  and 
of  extent,  with  the  moon  in  apogee.  Traces  of  something  like  one  and  the  other 
have  been  apparent. 


Fig.  17. 


V 
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(87)  After  an  examination  of  Chaplain  Jones'  very  numerous  charts,  a  selection 
was  made  of  those  which  seemed  to  exhibit  instances  in  which  the  light  was  most 


extensive,  or  most  conspicuous,  and  others  in  which,  in  one  or  both  respects,  the 
light  seemed  to  be  deficient  (the  character  of  the  light,  and  not  the  position  of 
the  moon,  furnisbing  the  guide  in  the  selection);  and  tMn  the  age  of  the  moon,  and 
her  position  in  her  orbit  were  ascertained,  for  a  comparison  -of  the  phenomena  with 
theory. 

The  following  instances  were  then  classified  with  reference  to  our  hypothesis 
now  under  discussion.     The  iVbs.  are  those  of  Mr.  Jones'  charts  :  — 


9  under  Case  \st. 

No.  219. — Morning  of  Sept.  21,  1854;  1  day  before  new  moon. 

No.  220.— Evening  of  Sept.  23,  1854  ;  1  day  after  new  moon. 

No.  232. — Morning  of  Oct.  20,  1854;   1  day  before  new  moon. 

No.  233. — Morning  of  Oct.  21,  1854;  the  day  of  new  moon. 

No.  243. — Morning  of  Nov.  21,  1854;   1  day  after,  new  moon. 

No.  259.— Morning  of  Dec.  19,  1854  ;  the  day  of  new  moon. 

(A  very  marked  instance;  and  not  only  was  the  day  that  of  new  moon,  but  the 
moon  was  also  in  perigee.') 

Mr.  Jones,  without  any  reference  to  the  moon's  age,  or  to  her  distance  from  the 
earth,  says  of  the  zodiacal  light,  "  At  2h.  the  eastern  zodiacal  light  was  bright,  at 
3h.  30m.  quite  so.  At  5h.  it  was  as  brilliant  as  I  have  ever  seen  it,  and  was  espe- 
cially so  within  the  zigzag"  (waving  lines  toward  the  lower  part  of  the  diagram), 
"where  the  light  had  more  of  a  cone  shape  than  I  ever  saw  it  have  before.^  .... 
Sun  rose  at  6h.  57m." 

Approximation  to  Case  \st. 
No.  49.  Morning  of  Sept.  2d,  1853 ;  1  day  before  new  moon. 

Examples  under  Case  2d. 

No.  31.  Evening  of  July  9th,  1853;  3  days  after  new  moon. 

No.  114.  Morning  of  Feb.  1st,  1854 ;  3|  days  before  first  quarter. 


'  The  description  here  is  such  as  might,  in  anticipation,  have  been  dictated  hy  the  hypothec 
under  discnssion. 
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Case  2t?,  or  Case  4th. 
No.  161. — Evening  of  May.39th,  1854;  3  days  after  new  moon. 
No.  287.  —  Moming  o]'  October  30th,  1854;  2  days  after  first  quarter. 

Examples  under  Case  '6d. 
No.  212. — Evening  of  Sept.  12th,  1854;  1^  day  before  last  quarter. 
No.  213. — Evening  of  Sept.  13th,  1854;  |  day  before  last  quarter. 

Examples  under  Case  4:th, 
No.  18. — Evening  of  Juno  29th,  1853;  Ig  day  after  last  quarter. 
No.  60. — Morning  of  Sept.  30th,  1853"';  2^  days  before  new  moon. 
No.  215. — Evening  of  Sept.  16th5  1854;  2  days  after  last  quarter. 

Exam/plea  under  Case  5th. 
No.  67. — Morning  of  Oct.  8th,  1853 ;  1  day  before  first  quarter. 
No.  214.— Evening  of  Sept.  14th,  1854;  day  of  last  quarter. 
No.  239.— Evening  of  Nov,  llth,  1854;   1  day  before  last  quarter. 
No.  241. — Evening  of  Nov.  13th,  1854;  1  day  after  last  quarter.^ 

(88)  Mr.  Jones  also  gives  examples  of  "  Moon  Zodiacal  Light." 

(89)  Baron  Humboldt,  commenting  on  Eev.  Mr.  George  Jones's  observationa, 
quotes  from  his  own  ship-journal  on  his  voyage  from  Callao  to  Acapulco,  and 
speaks  of  the  brilliancy  of  the  Zodiacal  Light  as  exceeding  anything  which  he  had 
previously  witnessed.  The  time  when'this  was  observed  was  from  the  ITth  to  the 
19th  of  March,  1803.  Indeed  the  intensity  of  the  light  increased  for  five  or  six 
nights  after  the  14th.     Height  39°  5'.^ 

As  tire  moon  was  new  on  the  23d,  this  bright  light  must  have  begun  before  the 
last  quarter ;  and  will  present  a  probable  instance  of  Case  Sd,  passing  into  and 
beyond  Case  5th, 

But,  strangely  enough.  Baron  Humboldt  finds  occasion  to  add :  "  We  did  not 
see  the  Zodiacal  Light  the  20th  and  21st  of  March,  although  the  nights  were  of 
greatest  l>eauty" 

Now  something — perhaps  not  a  little — of  that  may  have  been  due  to  differences  in 
the  state  of  moisture  of  the  atmosphere,  such  as  those,  (72),  of  which  Col.  Forshej' 
has  informed  us.  But  the  time  being  withal  from  two  to  three  days  before  the  new' 
moon,  the  sun's  light  would,  on  the  hypothesis  here  in  question,  be  transmitted 
through  the  curved  portion  of  the  girdle  a  little  in  advance  of  the  longer  axis. 

The  length  of  the  transmitted  portion  would  not  be  great,  and  the  upper  end 
wjould  set  almost  as  soon  as  the  twilight  ended. 

(90)  In  the  account  of  Prof.  C.  Piawi  Smyth,  Astronomer  Royal  at  Edinburgh,  of 
his  expedition  to  Teneriffe,  under  date  of  Aug.  19th,  1856,  speaking  of  the  Zodi- 


'  See  Astronomische  Nachrichten,  No.  989. 

'  The  datea  with  reference  to  the  phases  of  the  moon  arc  but  close  appmxiraations ;  yet  sucli  a 

B  quite  sufficient 
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acal  Light,  lie  says  :  "  So  bright  was  it  toward  the  base  that  it  produced  a  weak 
reflected  glow  to  the  west,  and  we  could  occasionally  fancy  a  tail  of  the  faintest 
conceivable  light  extending  nearly  to  the  zenith."  (Length  of  the  bright  light  was 
63°.)  "  Nevertheless  there  was  no  doubt  of  the  lenticular  form  of  the  chief  mass 
of  light,  and  the  place  of  its  apex  as  measured,  was  always  consistent  enough.'" 

This  was  almost  three  days  after  the  full  moon,  and  seems  to  present  an  exam- 
ple of  Ga8e  3d.  Under  the  date  of  Sept.  8th,  Prof.  Smyth  says  of  the  Zodiacal 
Light — "bright  at  base,  glowing  toward  the  lower  part  of  the  axis,"^ 

This  was  one  day  after  the  first  quarter  of  the  moon ;  and  we  here  would  seem 
to  have  an  example  of  Case  oth. 

(90  his)  The  observations  of  Col.  Charles  G.  Forshey,  already  alluded  to  in  (T3), 
were  made  while  Col.  Forshey  was  superintendent  of  the  Texas  Military  Institute 
(Lat.  30°  N.,  Long.  96°25'  W.  of  Greenwich),  in  1858,  1859,  and  1860. 

Among  these  observations  we  find  the  following,  whicb  seem  to  furnish  consist- 
ent examples  under  the  Cases  described  in  (85);  and  the  list  might  readily  be 
extended. 

Case  \st. 

Evening  of  Oct.  5,  1858 ;  1  day  before  new  moon. 

Evening  of  Nov.  6,  1858 ;  1  day  after  new  moon. 

Evening  of  Nov.  7,  1858 ;  2  days  after  new  moon. 

Evening  of  March  3,  1859  ;  |  day  before  new  moon  : — 

Light  narrow,  except  near  the  horizon,  and  towering  high. 

Case  2d. 

Evening  of  Oct.  12,  and  morning  of  13,  1858 ;  between  new  moon  and  the  first 
quarter,  A  midnight  band  of  light  seems  to  be  delineated ;  such  as  will  also  be 
noted  among  the  observations  under  Case  ^th. 

Approaching  to  the  conditions  of  Case  2d: — 

Evening  of  March  31,  1858;  2|  days  after  full  moon. 

Evening  of  Nov.  10,  1858;  3  days  before  the  first  quarter  of  the  moon. 

Evening  of  Nov.  13,  1859;  3^  days  after  full  moon. 

[The  three  last-mentioned  instances  are  specially  described  in  Aote  3  to  (72).] 

Evening  of  Nov.  U,  1858:— 

This  observation  may  be  specially  classified  with  the  preceding  three.  It  was 
made  three  days  before  the  first  quarter  of  the  moon.  The  position,  therefore,  is 
nearly  that  of  Case  5th. 

Case  3d. 

Evening  of  April  22,  1859,  2  days  before  the  last  quarter  of  the  moon. 

Figure  seems  to  show  the  peculiar  bright  spot  indicated  in  the  description  of 
our  Case  Sd,  of  this  Article. 

Case  Aili. 

Evening  of  Oct.  29,  1858;    day  of  last  quarter  of  the  moon. 

Time  lU.  to  12A.  P.M. 
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A  midnight  band  with  parallel  edges.  The  figure  seems  to  indicate  that  the 
baud  was  about  7°  or  8°  wide.  The  appearance  is  such  as  it  might  be  if  the  light 
were  reflected  at  all  but  right  angles  to  the  girdle. 

Evening  of  April  4,  and  also  that  of  April  5,  1858;  two  and  one  days,  respectively, 
before  the  laat  quarter  of  the  moon. 

In  the  evening  of  April  5,  the  light  is  expressly  noted  as  being  visible  "entirely 
across  the  heavens,  from  Aries  at  least  to  Libra." 

Evening  of  Oct.  27,  1858 ;  nearly  one  day  before  the  last  quarter  of  the  moon. 

The  light  seems  to  have,  consistently,  been  short  but  considerably  bright. 

Both  characteristics  are  more  distinctly  manifest,  in  the  evening  of  Oct.  28,  1858  ; 
day  of  the  last  quarter  of  the  moon. 

Evening  of  Dec.  28,  1858;  about  2  days  after  the  last  quarter  of  the  moon,^ 

Light  short  and  rounded  at  the  top,  and  the  base  very  broad. 

Evening  of  Jan.  15,  1860 ;   1  day  after  the  last  quarter  of  the  moon. 

Light  described  as  having  been  "intensely  bright;"  and,  in  the  drawing,  it 
tapers  rapidly. 

(91)  Among  the  Notes  on  the  Zodiacal  Light,  by  Eev.  Samuel  J.  Johnson  {Pto- 
eeedinga  of  Royal  Ast.  Moiety  for  March,  18T4),wefind — ""What  Humboldt  speaks 
of  as  the  '  mild  pyramidally-shaped  zodiacal  light,  very  visible  to  the  unassisted  eye' 
has  been  displayed  here"  (at  Upton.  Selions  Rectory,  CreditOTi)  "this  winter  with 
far  more  distinctness  than  I  have  noticed  since  Feb.  21,  1870,  when  I  witnessed  a 
vivid  appearance  of  the  phenomenon  from  Lytham,  on  the  Lancashire  coast.  It 
was  conspicuous,  amongst  other  nights,  on  February  8,  when  the  impression  that 
Tycho  mistook  the  light  for  the  '  abnormal  vernal  evening  twUight','  appeared  at 
first  sight  almost  pardonable." 

This  seems  again  to  present  an  example  of  our  Case  5th. 

"  Feb.  16,-  .  Sky  clear  for  a  brief  interval  about  8  P.  M.  The  conical  figure 
very  fairly  defined,  except  at  the  apex,  where  the  curvature  was  somewhat  difiicult 
to  make  out.  Mars,  situated  nearly  on  the  axis;  about  which  point  the  light  seemed 
equal  in  brightness  to  that  portion  of  the  M7%  Way  that  passes  through  Cassio- 
peia. Near  the  horizon  the  intensity  was  decidedly  greater,  v  C'eti  appeared  just 
outside  the  cone  of  hght;  the  head  of  Aries  faintly  involved  in  it;  it  could  be 
traced,  though  with  difficulty,  3°  or  4°  above  the  Pleiades." 

Again,  a  remarkable  example  of  our  Case  \st.  For  this  was  the  day  of  the  New 
'  Moon,  and  the  moon  was  IJ  day  from  the  Perigee.  Confirmed  this  is  withal  by 
the  next  observation, 

"  Feb,  18.  Could  be  readily  followed  before  the  moon  set Clear  extent 

at  the  base  30°  to  35°.  Not  quite  so  briDiant  as  on  the  16th;  I  fancied  a  slight 
reddish  tinge  in  the  brighter  portions." 

Appropriately  descriptive  of  our  Case  Id. 

"March  6.  The  Zodiacal  Light  again  conspicuous.  In  extent  and  general 
features  unaltered ;  in  intensity  scarcely  so  great.  The  clearest  defined  portion  lay 
between  v  Geti  and  y  Arietis ;  at  lower  altitudes  the  hght,  although  brighter, 
,  appeared  very  much  diffused.     Mars  about  5°  left  of  the  axis." 
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An  example  of  our  Case  Zd.  "  The  clearest  defined  portion"  was  nearly  oppo- 
site to  the  moon,  then  3g  days  past  the  full,  and  I5  day  beyond  the  apogee. 

"  March  7.  With  regai'd  to  the  earliest  visibility  of  the  light,  it  was  not  notice- 
able till  15m.  after  stars  of  the  brightness  of  y  Anet-is  had  shone  out,  and  not 
quite  so  soon  as  the  Milky  Way  at  equal  altitudes.  Its  whiteness  more  dusky 
than  the  latter.  At  an  altitude  of  about  30°,  vj  and  a  Piscium  (the  latter  just 
within  the  boundary)  were  somewhat  dimmed  by  its  intensity." 

This  is  followed  by  another  JSlote  on  the  Zodiacal  Light,  by  E.  B,  Knobel,  Esq., 
who  writes  from  Stapenhill  Burton  on  Trent,  and  says:  "I  would  beg  to  direct  at- 
tention to  the  unusual  brilliancy  of  the  Zodiacal  Light  this  winter.  .  .  ,"  On  two 
clear  evenings  in  the  first  week  in  January,  on  January  17,  at  6.45  P.  M.,  and,  lastly, 
on  Feb.  8,  at  7  P.  M.,  it  appeared  as  an  elongated  luminous  cone,  the  apex  of  which, 
on  January  17,  extended  nearly  to  the  star  y  Arietis,  and  on  Feb.  8,  the  apex  just 
enclosed  jj  Piscium. 

"  It  appeared  nearly  as  bright  as  the  Mlky  Way,  and  sufficiently  bright  to  attract 
the  attention  of  a  casual  observer. 

"  I  should  mention  that  my  situation  is  quite  away  from  the  town,  and  sufficiently 
high  to  be  above  the  mists  of  the  valley." 

The  observation  of  Jan.  17  affords  another,  good  example  of  our  Cose  1st;  the 
date  being  a  little  more  than  |  a  day  before  New  Moon,  and  about  3  days  before 
the  moon  arrived  at  the  Perigee. 

The  observation  of  Feb.  8  confirms  that  of  Kev.  Samuel  J.  Johnson  of  the  same 
date,  previously  quoted. 

These  observations  are,  moreover,  all  confirmatory  of  those  made  about  the  same 
time,  as  well  as  at  other  dates,  at  the  College  of  New  Jersey,  by  the  author  of  this 
paper;  and  which,  indeed,  furnished  the  data  for  the  distinction  of  the  various 
Cases. 

[A  very  little  observation  will  suffice  to  make  it  very  evident,  that  under  circum- 
stances in  other  respects  entirely  similar,  the  fact  of  the  atmosphere  being  dry  will 
notably  afiect  the  apparent  extent  as  well  as  brightness  of  the  Zodiacal  Light ; 
in  accordance  with  the  special,  and  even  uniform,  experience  of  Col.  Forshey, 
already  referred  to  in  (12)  and  Note.'] 

(92)  Chaplain  Jones  also  speaks  of  pulsations  in  the  Zodiacal  Light;  as  having 
been  observed  by  himself  and  others.  His  synopsis  of  these  observations  at  p. 
xin  of  his  Introduction  is:  "Some  time  early  in  1854  I  saw  in  a  newspaper  a 
brief  notice  of  the  pulsations  of  the  Zodiacal  Light  seen  at  Kew  Observatory ;  but 
as  the  newspaper  did  not  state  where  they  were  observed,  or  the  authority,  and  as 
I  had  now  been  observing  for  a  year  without  having  noticed  anything  of  the  kind, 
I  set  it  down  as  an  ocular  deception,  and  the  thing  passed  entirely  from  my  mind. 
But  in  March  of  this  year  (see  No.  Ill),  I  was  surprised,  one  evening,  at  seeing 
the  Zodiacal  Light  fade  sensibly  away,  dimmed  to  almost  nothing,  and  then  gradu- 
ally brighten  again.  This  was  repeated  several  times ;  but  the  efiect,  after  all, 
was  to  leave  me  only  in  amazement  and  doubt;  subsequent  nights,  however,  gave 
abundant  exhibitions  of  this  kind,  of  which,  with  the  times  and  changes,  I  have 
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made  ample  records  with  tlie  particularity  which  the  case  required.  It  was  a 
great  satisfaction,  after  my  return  home,  to  find  that  Baron  Humboldt  had  observed 
the  same  thing  while  in  southern  latitudes,  though  he  thought  it  more  probable 
that  it  was  owing  to  '  processes  of  condensation  going  on  in  the  uppermost  strata 
of  air,  by  which  the  transparency,  or  rather  the  reflection  of  light,  may  be  modified 
in  some  peculiar  and  unknown  manner.'  My  records,  however,  will  show  that 
there  is  a  regularity  of  appearance  at  the  closing  off  of  these  pulsations,  which  proves 
that  they  do  not  belong  to  so  uncertain  a  cause  as  atmospheric  changes,  but  to  the 
nebulous  substance  itself.  They  seem  to  intimate  a  great  internal  commotion  in 
the  nebulous  matter,  for  they  were  too  rapid  to  be  occasioned  by  irregularities  in 
its  exterior  surface. 

"  I  noticed  them  again  the  following  year,  but  must  refer  the  reader  to  my 
records  and  charts.  The  changes  were  a  swelling  out,  laterally  and  upwards,  of 
the  Zodiacal  Light,  with  an  increase  of  brightness  in  the  light  itself;  then,  in  a 
few  minutes,  the  shrinking  back  of  the  boundaries,  and  a  dimming  of  the  light;  the 
latter  to  such  a  degree  as  to  appear,  at  times,  as  if  it  was  quite  dying  away;  and 
so  back  and  forth  for  about  three-quarters  of  an  hour;  and  then  a  change  still 
higher  upward  toward  permanent  bounds," 

(93)  That  these  pulsations  should  be  real  seems  not  incredible  in  the  instance 
of  a  substance  having,  as  it  would  seem,  a  density  even  less  than  that  of  the 
material  which  exhibits  the  rapid  changes  of  intensity,  etc.,  of  the  aurora  borealis. 
The  girdle,  moreover,  would  have  a  very  nearly  constant  position  with  respect  to 
the  earth  and  the  moon — holh  magnetic  ;  and  the  earth  in  a  relatively  rapid  rottjr 
Hon} 

(94)  It  would  seem  most  probable  that  the  middle  plane  or  equator  of  the  girdle 
should  nearly  coincide  with  the  plane  of  t?ie  moon'a  orbit ;  but  even  in  that  case, 
the  more  intense  illumination  by  transmitted  light  would  be  in  directions  nearly 
parallel  to  the  plane  of  the  ecliptic.  That,  and  the  local  illumination,  (75),  ascer- 
tained and  described  by  Mr.  Jones,  would  together  make  it  difficult  to  determine 
where  the  middle  plane  may  be  situated ;  though  some  observations  of  the  "  gegen- 
schein"  might  seem  to  make  it  the  same  with  the  plane  of  the  moon's  orbit. 

The  position  of  the  vertex  of  the  Zodiacal  Light  would  need  to  be  more  carefully 
scrutinized,  and  compared  with  that  condition. 

Such  being  the  state  of  things,  observations  for  parallax  must,  withal,  most 
probably  continue  to  be  unsuccessful. 

(95)  As  a  summation  of  the  consistencies  of  the  hypothesis  of  a  nebulous  girdle 
revolving  around  the  earth  in  the  same  time  and  general  direction  with  the  moon, 
and  exhibiting  the  phenomena  of  the  Zodiacal  Light,  we  have : — 

1.  That  it  provides  a  conservative  force  for  the  maintenance  of  such  an 
appendage. 

'  But  it  would  be  more  difflenlt  to  nnderatand  and  accouat  for  these  special  phenomena 
by  the  material  in  question,  if  it  were  directly  a  solar,  instead  of  a  terrestrial,  appendage. 
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2.  It  will  account  for  the  phenomena  common  to  all  appearances  of  the  zodiacal 
light,  hroad  base  and  all. 

3.  It  accounts  for  certain  periodical  changes  in  form  and  intensity,  etc.,  of  the 
same,  which  seem  to  be  completed  in  a  synodical  revolution  of  the  moon. 

4.  It  provides  for  the  gegenschein  in  form  and  position ;  and  possibly  also  for 
"a  lunar  zodiacal  light." 

5.  It  renders  a  plausible  account  of  the  fading,  at  times,  and  total  disappearance 
of  the  Zodiacal  Light. 

6.  It  accounts  for  the  absence  of  a  determinate  parallax  of  the  girdle, 

7.  It  shows  why,  when  east  and  west  zodiacal  lights  are  visible  at  the  same 
time,  the  middle,  even,  of  the  zodiacal  arch  need  not  be  wholly  obscured  by  the 
earth's  shadow. 

8.  It  provides  for  the  "pulsations." 

Origin  of  the  Girdle. 

(96)  It  remains  to  consider  how  far  the  origin  of  the  girdle  may  be  accounted 
for  by  the  modified  nebular  hypothesis,  already  so  frequently  applied. 

If  the  moon  herself  were  formed  of  a  spheroidal  shell  [such  as  those  described 
in  (37)],  while  the  form  of  the  earth  with  its  expanded  atmosphere  was  yet  very 
oblate ;  the  equatorial  diameter  extending  beyond  the  present  distance  of  the 
moon — *.  e.  more  than  60  times  the  radius  of  the  earth's  equator — the  moon, 
derived  from  the  atmosphere  of  this  spheroid,  might,  at  first,  indeed  have  had  the 
form  of  a  spheroidal  shell,  with  its  equatorial  circle  nearly  in  the  plams  of  the  ecliptic, 
as  the  orbit  of  the  moon  now  is,  instead  of  the  plane  of  the  earifCs  equator,  since 


This  whole  collection  of  material  having,  by  processes  heretofore  described,  (26), 
been  brought  to  revolve  together,  the  outer  portions  having  thereafter  failed  to  be 
collected  with  those  that  went  to  form  the  moon  herself,  these  same  outer  portions 
would  still  continue  to  revolve  and  complete  the  same  periodic  time. 

The  part  between  the  moon  and  the  earth  would  nearly  all  be  compelled  to  faU 
toward  the  earth  in  obedience  to  her  superior  attraction;  except,  possibly,  some 
small  remnant  still  forming  an  extra-mundane  nebulosity  (the  middle  of  it  at  the 
position  A  in  Fi<j.  13);  the  existence  of  which  might  help  to  account  for  some  of 
the  phenomena  of  solar  eclipses,  if  not  also  of  those  of  transits  of  the  inferior 
planets;  which  it  would  be  out  of  place  to  enlarge  upon  in  this  connexion.^ 

(97)  Whether  the  material  which  exhibits  the  Aurora Borealis,  or  rather  Aurora 
Polaris,  can  have  had  a  similar  origin,  near  to  the  pole  of  the  oblate  expanded 
atmosphere,  and  so,  also;  near  to  the  pole  of  the  Ecliptic  in  direction,  as  well  as 
actually  near  to  the  earth,  can  be  little  better  than  matter  of  conjecture.  The 
results,  of  the  spectrum-analysis  [(74)  and  Note'\  do  not  yet  establish  a  composition 

'  The  present  Astronomer  Royal,  Sir  George  B.  Airy,  is  understood  to  have  said,  soon  after  the 
total  eclipse  of  the  sun,  in  1843,  that  some  of  the  phenomena  of  that  eclipse  required  for  thoir  expla- 
nation the  supposition  of  the  existence  of  a  material  between  the  moon  and  the  earth. 
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of  this  material  similar  to  that  of  the  Zodiacal  Light.  It  may,  however,  be  asserted 
that  auroral  pheaomena  are  most  intense  in  latitude  about  that  of  the  arctic  circle; 
in  which  region,  it  must  also  be  remembered,  we  have  the  magnetic  poles.  It  is 
withal  true,  that  the  Zodiacal  light  seems  sometimes  to  have  exhibited  (like  the 
Aurora)  a  ruddy  tint.     An  instance  is- mentioned  in  (91). 

Saturn's  Dtksky  Ring. 

(98)  The  situation  of  the  dusky  ring  of  Saturn  somewhat  resembles  that  of  the 
zodiacal  girdle  (if  supposed  to  be  a  terrestrial  appendage).  But  the  shape  of  the 
dusky  ring  is  different  from  that  of  the  girdle ;  and  its  position,  concentric  with 
that  of  Saturn  [7  of  (43)  and  Notel,  is  maintained  by  the  action  of  many  satellites 
instead  of  one ;  the  total  action  of  the  several  bright  rings  on  particles  within 
being  in  every  case  zero.  But  the  dusky  ring  besides  is,  as  it  were,  waited  in  by 
the  bright  rings,  which  themselves  are  kept  concentric  with  both  the  planet  and 
the  dusky  ring. 

Of  the  Inclination  of  the  Planes  of  the  OrMts  of  the  Planets  and  Satellites  to  the 
Equators  of  their  respective  Primaries ;  and  the  relative  positions  of  their  Pei-i- 
helia  and  Nodes. 

(99)  In  a  Memoir  on  the  Secular  Variations  of  the  Elements  of  the  Orbits  of 
Eight  Principal  Planets,  its  author,  Mr.  John  N.  Stockwell,  M.A.,  has  given  us  the 
maximum  and  minimum  inclinations  of  the  planes  of  those  orbits  to  the  invaiiable 
plane  of  the  solar  system,' 

From  these  and  the  inclination,  7°15',  of  the  plane  of  the  solar  equator  to  the 
plane  of  the  ecliptic  of  1860,  as  ascertained  by  Mr.  Carrington,^  we  obtain  the  fol- 
lowing approximate  inclinations  of  the  planes  of  the  orbits  to  the  plane  of  the  sun's 
equator ;  carrying  the  reference  back  to  that  ancient  state  of  things  in  which  the 
nodes  (of  the  same  name),  of  the  sun's  equator  and  those  of  the  planets'  orbits  in 
the  invariable  plane,  respectively  coincided. 


Ibclikatioh  op  Ohbit 

oSUK'KEgUiTOH. 

Mean 

Maximum 

}    IiiclLiiatiaii  to 

Inoliiiation  to 

Inclination  to 

(     Ii.y.  Plane, 

Inv.  Plane. 

Inv.  Plane. 

Mercury 

0°56' 

1°18' 

3°31' 

"Venus 

5   40 

4  S8 

2   24 

Earth 

5   40 

4   37 

3  34 

Maiis 

5   40 

2  42 

0  16 

Jupiter 

6   36 

5  28 

5  11 

Saturn 

4  53 

4  ir> 

4  39 

TTeanus 

4  45 

5     9 

4  33 

Neptune 

5     6 

4  59 

4  53 

'  Smithsonian  Contributions  to  Knowledge,  toI.  xviii,  p.  169  of  the  Memoir  in  question. 
'  As  quoted  in  Sir  J,  Herschel's  Outlines  of  Astronomy  (lltli  et^ition),  ("393), 


Hosted  by 


Google 


CERTAIN   HARMONIES   OF   THE   SOLAR   SYSTEM.  69 

It  will  be  observed  that  when  the  planes  of  the  orbits  most  nearly  coincide  with 
the  invariable  plane,  they  yet  make  an  angle  of  nearly  5°  with  the  plane  of  the 
sun's  equator,  except  in  the  instance  of  Mercury,  in  which  the  inclination  is  scarcely 
1°;  while  the  Earth  and  Venus,  under  the  variety  of  circumstances  here  indicated, 
still,  as  it  were,  assert  their  character  as  half-planetB,  by  preserving  among  them- 
selves always  nearly  the  same  inclination.^ 

In  view  of  our  hypothesis  all  along  kept  in  view,  the  question  would  here  seem 
to  be  a  pertinent  one — Why  so  great  an  average  deviation  in  the  planes  of  the 
planetary  orbits  from  the  plane  of  the  sun's  equator] 

The  answer  to  this  may,  perhaps,  be  found  in  what  has  heretofore  been  insisted 
on ;  viz.  the  acquisition  of  material  in  the  nebulous  state  from  extrcb-equatorial 
portions  of  the  sun's  atmosphere ;  it  being  added  withal  that  such  an  acquisition 
would  not  take  place  from  both  the  northern  and  southern  hali-spheroids  at  tJte 
same  time.^ 

The  extra-equatorial  acquisition,  (37),  of  more  dense  material  being  thus  mainly 
from,  one  side,  that  has,  it  would  aeem,  tended  to  produce  an  average  deviation  in 
the  plane  of  the  resulting  orbit.^  In  that  aspect  of  the  matter,  and,  in  view  also 
of  the  Ancient  State  contemplated  in  (44)  and  in  Table  (F),  it  may  not  be 
entirely  without  significance  that  the  color  of  Neptune  is  a  pure  white,  while  that 
of  Uranus  is  inclined  to  yellow,  and  that  of  Saturn,  the  other  component  [as  in 
Table  (F)]  is  decidedly  so.  But  Jupiter  is,  again,  white,  while  Mars  is  ruddy,  and 
the  Asteroids  arc — Juno  of  a  pale  yellow  color,  and  the  others  reddish.* 

Then,  again  alternately,  the  half-planet  Venus,  and  also  our  satellite  are  both 
white ;  whUe  Mercury  is  nearly  of  a  rose  color.^     In  the  case  here  supposed,  it  is 

'  With  M.  Sporer's  value  of  the  iuclination  of  the  sun's  equator,  the  numbers  in  column  2d  will 
be  diminished  18', 

"  An  examination  of  Mv.  Trowbridge's  paper,  already  referred  to  [^Notes  to  (38)  and  (57) 
respectively],  shows  that  he  has  wrought  with  the  same  idea  in  view;  though  he  has  applied  it  to 
tlie  change  in  the  solar  axis  of  rotation. 

"  Unless,  with  Mr.  Trowbridge,  we  say  that  "the  invariable  plane  of  the  solar'system  must" 
(also)  "  be  the  invariable  plane"  for  "  the  primitive  solar  spheroid,  and  that  it  muat  have  coincided 
approximately  with  the  plane  of  the  sun's  equator;"  and  so  he  compares  the  inclination  of  "the 
invariable  plane"  to  the  echptic  with  that  of  the  orbit  of  Neptune,  with  which  it  nearly  agrees.  In 
auch  a  case,  with  the  average  existing  inclination  of  the  plane  of  the  sun's  equator  to  those  of  the 
planetary  orbits;  it  woald  seem  that  the  sun's  equator  has  itself  changed  its  position;  the  vioissi' 
tudes  being  similar  to  those,  (68),  which,  according  to  M.  Laplace,  the  earth  in  its  forming  state 
seems  to  have  undergone. 

But  it  should  here  be  borne  in  mind  that  the  invariable  plane  has  its  position  ascertained  by  a 
reference  to  the  conditions  of  material  as  now  accumulated  into  planets  with  well-determined  orbits  ; 
and  so  the  invariable  plane  thus  conditioned  may  very, possibly  be  not  coincident  with  "the  invari- 
able plane  of  the  primitive  solar  spheroid." 

'  Le  del,  par  Amedee  Guillemin,  4i6me  Edit.  pp.  283  and  284. 

'  Are  the  white  planets,  then,  in  part  derived  from  the  one  half-spheroid,  and  the  planets  of  an- 
other color  from  the  other?  and  is  the  half- spheroid,  which  furnished  the  white  series,  the  northern 
one?C?) 

Por,  as  respects  the  existing  state  of  comparative  activity  in  the  two  hemispheres  of  the  sun,  as 
indicated  by  the  appearance  of  the  solar  spots,  "a  very  material  difference  in  their  frequency  and 
magnitude  subsists  in  its  northern  and  southern  hemisphere ;  those  on  the  northern  preponderating 
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besides  manifest  that  what  would  be  the  ascending  node  of  the  planetary  orbit 
when,  in  such  a  case,  the  acquisition  was  from  the  one  half-spheroid,  would  be  the 
descending  node  in  the  instance  of  the  other. 

And  with  respect  to  the  matter  here  brought  into  question,  as  well  as  in  other 
aspects,  though  without  deciding  that  they  have  any  significant  connexion;  we 
may  consider  some  of  the  relations  developed  by  Mr.  Stockwell,  and  exhibited  in 
his  Memoir;  such  as — 

"The  mean  motion  of  Jupiter'n  node  on  the  invariable  plane  is  exacili/  equal  to 
that  of  Saturn,  a/nd  the  mean  longitudes  of  those  nodes  differ  hy  er£,actly  180°." 

The  latter  portion  of  that  description  may  have  some  interest  in  this  connexion. 

Mr.  Stockwell  states,  withal,  that  "  The  mean  angular  distance  between  the  peri- 
helia of  Jupiter  and  Uranus  is  exactly  180°." 

These  and  other  relations  connected  with  them,  are  shown  by  Mr.  Stockwell  to 
be  eminently  harmonious  and  conservative;  and  then,  after  stating  that  he  had 
prepared  separate  solutions  corresponding  to  several  increments  of  the  Earth's 
assumed  mass ;  and  that  a  comparison  of  the  values  which  the  different  solutions 
give  for  the  superior  eccentricity  of  the  Earth's  orbit  "has  suggested  the  inquiry 
whether  there  may  not  be  some  unknown  physical  relation  between  the  masses  and 
mean  distances  of  the  different  planets,"^ 

After  having  withal  arrived  at  the  conclusion  that  "  a  system  of  bodies  moving  in 
very  eccentric  orbits  is"  .  .  .  .  "one  of  manifest  instability;"  he  says,  "and  if  it  can  also 
be  shown  that  a  system  of  bodies  moving  in  circular  orbits  is  one  of  unstable  equi- 
librium, it  would  seem  that  between  the  two  supposed  conditions,  a  system  might 
exist  which  should  possess  a  greater  degree  of  stability  thaii  either,"  and  then 
indicates  a  superlatively  grand  problem,  viz.,  that  "  The  idea  is  thus  suggested  of 
the  existence  of  a  system  of  bodies  in  which  the  masses  of  the  different  bodies  are 
so  adjusted  to  their  mean  distances  as  to  insure  to  the  system  a  greater  degree 
of  permanence  than  would  be  possible  by  any  other  distribution  of  masses."  He 
adds :  "  The  mathematical  expression  of  a  criterion  for  such  distribution  of  masses 
has  not  yet  been  fully  developed ;  and  the  preceding  illustrations  have  been  intro- 
duced here,  more  for  the  purpose  of  calling  the  attention  of  mathematicians  and 
astronomers  to  this  interesting  problem  than  for  any  certain  light  we  have  yet  been 
able  to  obtain  in  regard  to  the  solution."^ 

in  both  respects"  LSir  J.  Hcrschel's  Outlines,  etc.,  (393)].  See,  also,  the  enumeration  and  classifi- 
cation of  solar  spots,  founded  upon  Mr.  Carring  ton 'a  observations,  as  reported  by  M.  Paye  (Goniptes 
Eendus,  tome  isxvi,  p.  393). 

The  white  planets  Jnpiter  and  Venus  seem  to  show  in  their  atmospheres,  now,  traces  of  great 
activity,  even  such  as  onld  be  consistent  with  a  high  temperature.  As  respects  Jupiter,  see  again 
Xote  a  to  (69). 

'  See  pp.  xiv,  xvi,  and  xvii  of  the  Introduction  to  the  Memoir,  respectively. 

As  to  the  esisteoce  of  such  a  relation  and  also  as  to  its  connexion  with  the  times  of  rotation  of 
the  several  planets—see,  again,  last  Note  to  (44)  ;  also  Article  (109),  and  Gonsislency  61s(  of  the 
Summation  in  (110). 

'  See  pp   ziv,  2vi,  and  xviit  of  the  Introdactioa  to  the  Memoir. 
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(100)  In  the  satellite  systems  we  find  the  orbit  of  the  outexmost  satellite  of 
Saturn  making  an  angle  of  about  14°  with  the  plane  of  his  equator  and  that  of 
the  rings,  this  angle  being  about  one-half  of  that  which  the  latter  makes  with 
Saturn's  orbit,  while  the  orbits  of  the  other  satellites  are  nearly  in  the  plane  of 
rings  and  the  equator. 

Then  the  orbit  of  our  own  moO'n  has  a  mean  inclination  of  something  less  than 
5°  9'  to  the  orhit  of  the  Earth  ;  while  the  variable  inclination  to  the  Earth's  equator  is 
more  than  four  times  as  great ;  as  though  the  moon  in  the  nebulous  state  had  been 
"  abandoned"  in  the  form  of  a  spheroidal  shell  before  the  axis  of  the  earth,  (68), 
was  estahlished  ;  and  so  with  Saturn's  outer  satellite,  under  it  may  be  even  more 
disturbing  circumstances,  (43) ;  while  the  orbits  of  the  inner  satellites  and  the  rings 
of  Saturn,  having  a  later  history,  nearly  coincide  with  the  plane  of  his  equator,  the 
same  being  very  nearly  the  case  with  the  satellites  of  Jupiter  ;  the  outer  one,  not- 
withstanding, justifying  its  character  as  shown  in  Table  (D)  in  (20),  by  exhibiting 
an  inclination  greater  than'  that  of  either  of  the  other  three. 

The  orbits  of  the  satellites  of  Uranus  are  nearly  perpendicular  to  the  plane  of 
his  orbit ;  and  so  that  their  motions  are  even  retrograde ;  whUe  the  equator  of  the 
planet  [3  of  (43)],  inclined  at  an  angle  of  about  79^°,  has  its  rotation  direct;  all 
exhibiting,  as  it  would  seem,  the  effect  of  the  great  transference  of  material  to 
Saturn,  described  in  (43). 

'And  although,  at  present  [see  3  of  (43)],  the  equator  is  inclined  to  the  orbits  of 
the  satellites  at  an  angle  of  about  60°;  yet,  if  it  be  indeed  allowable  to  refer  the 
situation  of  all  these  to  that  very  ancient  time  when  the  ascending  node  of  the 
equator  on  the  planet's  orbit  nearly  coincided  with  the  descending  nodes  of  the 
orbits  of  the  satellites,  then  all  would  be  found  approximating  to  a  coincidence  in 
the  same  plane,  the  several  inclinations  of  all  of  thsm  to  the  plane  of  the  planet's 
orbit  being  now  near  to  79*^;  but  the  direction  of  rotation  of  the  planet  the  reverse 
of  that  of  the  revolutions  of  the  satellites. 

It  might  almost  seem  then,  as  if,  in  the  great  transference  of  material  to  the 
ancient  Saturn  here  again  spoken  of,  the  rotation  of  the  outer,  and  mostly  rarer, 
portions  of  the  mass  had  heen  most  affected;  so  that,  in  the  satellite-formation,  the 
resultant  rotation  became  even  retrograde,  while  the  condensing  planet  conformed 
to  the  usual  result  of  a  direct  rotation ;  though  (in  what  was  apologetically  charac- 
terized as  the  tilting  up  of  this  whole  system)  all  were  constrained  to  revolve  in  planes 
nearly  at  right  angles  to  the  planefs  orhit,  and  all  nearly  in  the  same  plane. 

The  satellite  of  Neptv/ne  revolves  in  an  orbit  having  a  large  inclination  to  the 
plane  of  the  planet's  orbit,  and  the  motion  is  retrograde ;  but  whether  that  also 
marks  the  direction  of  the  rotation  of  the  planet's  equator,  does  not  yet  appear ; 
nor  which  direction,  therefore  (that  of  revolution,  or  that  of  rotation),  might  be 
regarded  as  having  been  established  before  the  other. 
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The  Minor  System. 

(101)  After  the  separation  of  the  great  mass  of  Jupiter,  the  "  abandonment  of 
the  solar  atmosphere  would  seem  to  have  again  occurred  more  exclusively  in  the 
region  of  the  solar  equator;  and  thus' the  Asteroid-mass  and  Mars  appear  to  have 
been  separated;  to  be  succeeded,  in  order,  and  with  variety  of  constitution,  by  the 
Earth,  Venus,  and  Mercury. 

And  so  it  would  appear,  on  a  smaller  scale  {wiiliin  more  restricted  limits  for  the 
balancing  of  the  centripetiii  and  centrifugal  forcesj,  was  constituted  that  minor 
system,  which,  in  fact,  resembles  the  whole  great  solar  system,  in  the  features  and 
mode  of  constitution  already  traced  in  changes  on  the  larger  scale.  A  system,  viz., 
in  which  the  Asteroids  and  Mars,  as  far  as  may  be,  have  the  places  respectively  of 
Neptune  and  Uranus  on  the  greater  scale,  and  the  Earth  and  Venus  those  of  Saturn 
and  Jupiter  [the  Earth,  (39),  greater  than  Venus,  from  the  accession,  from  regions 
of  the  sun's  atmosphere  other  than  equatorial].  After  these  Mercury  [and  possibly 
an  interior  planet],  to  have  the  place  analogous  to  that  of  allthe  small  planets  (not 
Asteroids)  in  the  great  solar  system. 

ResemMances  and  Differences  between  Saturn  and  the  Earth. 

(103)  It  may  not  be  without  some  interest  to 'exhibit  in  connexion  the  resem- 
blances and  differences  between  Saturn  and  the  Earth — the  Saturn  of  this  Minor 
System.     These  are:  — 

Xst.  In  ancient  times,  an  unusual  oblateness  of  form,  evinced  [(43)  and  (96)]  in 
the  case  of  both  planets  by  the  great  distances  of  their  satellites ;  the  outer  satel- 
lite of  Saturn,  and  also  our  own  moon,  being  each  at  the  distance  of  more  than  60 
radii  of  its  own  primary. 

'id.  Saturn  and  the  Earth  have  each  an  abnormal  density;  that  of  Saturn  being 
too  low,  it  would  seem,  because  of  the  absorption,  (43),  of  the  rare  material,  which 
would  otherwise  have  constituted  the  half-planet  interior  to  Uranus;  but  the 
Earth's  density,  (39),  being  made  abnormally  great  by  the  absorption  of  an  extra- 
equatorial  portion  of  the  sun's  nebulous  atmosphere. 

Zd.  Each  of  these  planets  exceeds  the  other  planets  in  the  same  region  of  the 
solar  system  with  itself,  in  number  of  satellites.  This  is  true,  though  the  Earth 
has  but  one;  but  that  is  the  only  one  in  the  Minor  System. 

AtJi.  Satum  is  surrounded  by  two  systems  of  bright  rings  and  a  dusky  ring;  and 
the  Earth  [if  we  admit  the  existence  of  the  Zodiacal  Girdle,  (T8)]  is  surrounded 
by  something  analogous  to  the  dusky  ring  of  the  other  planet;  though  they  differ 
from  one  another  to  some  extent,  both  in  form  and  position ;  and  the  one  is  pre- 
served because  the  planet  has  many  satellites,  the  other  because  its  planet  has  but 
one  such  accompaniment.     [See,  again,  7  of  (43),  and  (79)  to  (83)  inclusive.] 

htU.  The  Earth  [2  of  (39)]  seems  to  have  been  instrumental  in  producing  the 
great  inclination  of  the  equator  of  its  interior  half-planet  Venus,  and  Saturn  [3  of 
(43'!]  as  efficient  in  producing  a  similar  effect  upon  the  half-planet  exterior  to  itself, 
viz.,  Uranus. 
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(103)  The  analogies  to  the  great  planetary  system,  presented  by  the  satellite 
systems,  have  been  discussed,  in  another  connexion  and  aspect,  in  (58)  and  (59). 

Possible  Succession  of  Changes,  in  the  Progress  of  the  Division,  Eecoinhina,tion,  and 
Final  Sejyaration  of  the  Great  Masses  of  the  Solar  System. 

(104)  In  the  Ancient  State  contemplated  in  (44)  and  in  Table  (F)  in  (45),  the 
relation  of  masses  and  distances  was,  it  would  seem,  very  nearly  the  same  with  that 
of  the  existing  masses  and  distances  of  Jupiter  and  of  Saturn  as  exhibited  in  (53) ; 
viz.,  that  in  which  m(r)^  of  the  one  =  7n'{r'y  of  the  other. 

For — retaining  the  symbols  in  (44) — [the  second  mass  in  order  in  Table  (F) 
in  (45),  including  in  itself  the  masses  of  Uranus  and  Saturn,  while  the  first  mass 
is  that  of  Neptune] ;  we  have  in  the  instance  of  the  second  mass 

m'(/)'  of  [(U)i^]  =^  0.05090861; 
and  for  the  first, 

m7--i}?  =  0.0458583; 
the  ratio  of  the  two  being 

^^W_HCU)h]^lU01- 

which,  since  mr^,  thus,  nearly  =^  m'(r'y,  gives 

m'         r^ 
or  the  masses  nearly  in  the  inverse  ratio  of  the  squares  of  the  distances. 

Next,  comparing  the  mass  and  distance  of  Neptune — also  those  of  the  whole- 
planet  (U),  made  up  of  Uranus  and  its  (now)  missing  interior  half-planet  §*' — and 
then,  the  mass  and  distance  of  t^,  that  is  of  Saturn  in  its  ancient  state  before,  (43), 
S*  was  absorbed  [the  mass  of  @»  being  deduced  as  in  (41)] ;  we  shall  obtain  for 
the  several  ratios  of  the  distances  and  the  invei-se  ratio  of  the  £  powers  of  the 
masses,  respectively : 

dist.  of  W   _  ^  ^^^Q .        («'')■  of  (U)  ^  I  ^gg^ 
dist.  of  (U)         '  '  mi  of  $ 

dist_of(U)  ^  ^  ^jg^g  {m")iof^   ^  ^_^j2-_, 

dist.  of  i^  {m')i  of  (U) 

And  then,  with  respect  to  the  existing  Saturn  and  Jupiter,  we  have,  as  in  (53), 

m"'(7^'y  of  h  =  0.0259S5  »  , 
m"(*-'0'  of  4  =  0.025832  {  ' 

a  coincidence  more  perfect  than  that  found  in  the  instance  of  the  two  outer  great 
masses,  in  which  the  data  to  be  used  are  less  accurately  ascertained.     Then  here, 

'  It  is  at  least  carious  that  Saturn  (Jeprived  of  the  mass  of  gi  (i.  e.  the  onoient  Saturn)  must  here 
once  more  enter  into  the  computation  iostead  of  the  existing  planet. 

10       Pebraary,  1875. 
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of  course,  again,  the  masses  are  very  nearly  in  the  inverse  ratio  of  the  squares  of 
the  distances/ 

The  history  of  the  changes  would  then  seem  to  he : — 

1.  That  the  division  of  the  great  masses,  Neptune  and  that  composed  of  UranuB 
and  Satwrn,  first  occurred ;  in  accordance  with  a  proportion  of  masses  and  powers 
of  distances,  such  as  Jupiter  and  Saturn  now  present. 

2.  /riiat  afterward  occurred  the  division  of  the  compound  Uranus- Saturn  mass 
into  the  masses  of  the  whole-planet  (U)  and  the  ancient  Saturn  ^, 

3.  That  subsequently  to  that,  the  material  of  the  whole-planet  (U)  was  rent  [the 
outer  half-planet  Uranus  possibly  falling  inward  somewhat,  to  justify  the  new 
equilibrium  of  forces];^  and,  (43),  the  material  of  the  iji»ier  half-planet  g*  passing 
over  and  combining  with  the  ancient  Saturn  ^,  to  form  the  mass  in  part  of  the 
existing  Saturn  \. 

4.  That,  before  the  planetary  character  of  Saturn  was  complete,  the  mass  [derived 
in  great  part,  it  may  be,  from  the  atmosphere  of  the  other  half-spheroid  of  the 
sun],*  which  was  to  form  Jupiter,  became  temporally  Mended  with  the  Saturn- 
mass  ;  to  be  in  the  end  separated  in  accordance  with  the  same  law  of  arrangement 
of  masses  and  distances  which,  at  first,  was  prevalent  in  the  instance  of  the  great 
masses,  Neptune  and  the  combination  of  Saturn-Uranus.^ 

(105)  It  will  be  observed,  that  the  preservation  of  the  continued  equality  of 
ratios  here  in  question,  depends  upon  the  introduction,  in  one  connexion,  of  the 
ancient  Saturn,  that  is  Saturn  deprived  of  the  very  mass  acquired  by  the  process 
which  brought  about  the  disappearance  of  the  mass  of  the  interior  half-planet  S^, 
as  the  same  is  described  in  (43)  and  (44),  and  the  proof  of  which  is  manifold ; 
while  the  preservation  of  an  equality  of  ratios  in  another  connexion  is  as  truly 
dependent  on  the  introduction  of  the  whole  mass  of  the  existing  Saturn. 

Such  are  the  facts ;  and  no  explanation  appears,  except  that  of  the  process 
which  bore  away  the  mass  of  the  inteiHor  half-planet,  the  reality  of  which  seems 
thus,  again,  to  be  confirmed ;  to  which,  possibly,  may  be  added  the  mode  of  subr 
sequent  combination  and  separation  suggested  in  (104). 

Then  we  have  the  negative  evidence,  that  the  supposititious  separation  of  the 
great  masses  in  question  in  any  other  way,  is  not  found  to  yield  at  all  similar  pro- 
portions, 

Kirhwood's  Analogy. 

(106)  This  Prof  Daniel  Kirkwood  communicated  to  the  American  Assodatimi 
for  the  Advancement  of  Science  in  1849.* 

He  first  speaks  of  what,  (39),  we  have  described  as  the  neutral  point. 

Thus,  as  Prof.  Kirkwood  states  it  (and  the  same  is  applied  to  the  Earth  in  our 

'  The  emsting  and  not  the  ancient  Saturn  appearing  here.  '  See  5  of  (43). 

■  See  egg)  &n(\  Note. 

*  In  this  connexion— see,  ag^ain,  Articles  (5fi)  and  (57).  '  Proceedings,  p.  208- 
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figure) :  "  Let  P  be  the  point  of  equal  attraction  between'  Pig.  20. 

any  planet  and  the  next  interior,  the  two  being  in  con- 
junction ;  P'  that  between  the  same  and  the  one  next 
exterior. 

"  Let  also  D  =  the  sum  of  the  distances  of  the  points 
PP'  from  the  orbit  of  the  planet"  (the  whole  PP'  in  the 
figure);  "which  I  shall  call  the  diameter  of  the  sphere 
of  the  planet's  attraction. 

"  D'  =  the  diameter  of  any  other  planet's  sphere  of 
attraction  found  in  like  manner. 

"  n  =  the  number  of  sidereal  rotations  performed  by  the  former  during  one  side- 
real revolution  round  the  sun. 

"  n',  the  number  performed  by  the  latter ;  then  it  will  be  found  that 

n^   :    n-   ;  :    Ir    :    D^;    ox  n  =  n  l---\ 
From  this  we  shall  have,  alternately, 

n^   :    D''   :  :    n'^   :    J)'^ ;  i.e. 

jy^  =  -jyg  =  a  constant. 

The  coincidence  with  fact  is  very  close  in  the  several  instances  of  Venus,  the 
Earth,  and  Saturn. 

The  proportion  thus  exhibited  is  analogous  to  Kepler's  3d  Law ;  that  the  squares 
of  the  periodic-times  of  the  planets  aie  as  the  cubes  of  their  mean  distances  from 
the  sun  ;  and  it  is  hence  called  Mrhwood's  Analogy. 

An  '^  Examination"  of  this  by  the  late  Sears  C.  Walker  is  also  given  in  the 
Proceedings  of  the  American  Association  for  1849  (pp.  213  to  219  inclusive),  and 
its  consistency  with  Laplace's  Nebular  Hypothesis  made'  the  subject  of  comment. 

Failure  of  the  Analogy  in  (he  Case  of  Uranus. 

(107)  Conceding  that  the  time  of  rotation  of  Uranus  [3  of  (43)],  as  found  by 
W.  Buflam,  Esq.,  viz.  12  hours  ±,  is  a  first  approximation  to  the  truth;  Kirk- 
wood's  Analogy  will  be  found  to  fail  in  the  case  of  Uranus. 

For  if  we  apply  Mr.  Walker's  formula,  in  which  0  represents  the  time  of  rota- 
tion (a  mean  solar  day  of  the  Earth  being  =:  1) ;  a,  a  planet's  mean  distance  from 
the  sun;  and  D,  the  diameter  of  the  (Kirkwood)  sphere  of  the  planet's  attraction; 
then, 


'2D' 

and  we  shall  find,  with  the  values  of  masses  and  distances  as  given  in  our  Table 
(A),  in  (3),  that,  in  the  instance  of  Uranus, 

6  =1''.30380+  =  31.291  hours. 
instead  of  nearly  12  hours  ;  the  result  of  the  observation  already  quoted. 
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But  even  this  negative  result  seems  almost  like  a  shadowing  forth  of  the  catas- 
trophe, which  happened  when  the  material  of  the  half-planet  interior  to  Uranus 
[(43)  etc.]  passed  over  to  Satur;i;.  which  has  so  often  asserted  itself  in  our  preced- 
ing investigations. 

With  the  half-planet  restored  to  its  place  [its  distance  as  in  Table  (B),  in  (14), 
and  its  mass,  as  in  (41)],  we  shall  have,  by  a  comparison  of  Uranus,  with  that  and 
with  Neptune,  and  the  application  of  the  formula, 
B=  31.883  7wws; 
agreeing  nearly  with  the  former  result/ 

But  if  we  combine  Uranus  and  the  restored  interior  half-planet,  in  a  whole- 
planet  arrangement  at  the  whole-planet  limit  (U)  in  Table  (B),  in  (14);  we  shall 
have  (by  a  comparison  with  Neptune  and  the  ancient  Saturn  i^,  and  the  applica- 
tion of  the  formula)  for  the  time  of  rotation  of  whole-planet  (U), 

e  =  16.451  hours. 
Was  there,  then,  in  the  collection  of  material  adapted  to  form  a  whole-planet  at 
limit  (U),  the  origination  of  a  moment  of  rotation  of  the  remaining  half-planet 
Uranus,  which  was  not  .all  destroyed  when  the  interior  half-planet  mass  passed 
over  to  Saturn  n 

All  this  is  not  for  a  moment  to  be  insisted  upon ;  but  there  seems  to  be  a  pos- 
sibility that  the  failure  of  the  Analogy  in  question,  may,  in  this  case,  be  due  to  these 
special  conditions  here  also  appearing  as  if  in  question;  as  they  have  been  heretofore. 

ApproxiTnate  Result  in  the  Case  of  Mars. 

(108)  In  the  application  to  the  case  of  Mars,  we  may  make  use  of  the  rektive 
asteroid-mass  as  made  out  in  (46);  viz.,  0.58929  of  the  mass  of  Mars. 

Then,  as  in  (60)  the  indications  were  in  favor  of  a  half-planet  arrangement  of 
the  asteroid-mass,  we  have — distributing  the  mass  ^Noie  to  (51)]  in  accordance 
with  that — the  mfenVhalf-asteroid  mass  =0.33745  of  the  mass  of  Mars;  and 
the  distances  withal  [in  accordance  with  the  Laws  found  in  (10)  ]  being  derived 
from  those  in  the  region  in  question  (viz.,  Saturn  to  Mars  inclusive),  as  exhibited 
in  (12). 

From  these  and  the  masses,  on  the  one  side,  and  the  mass  and  distance  of  the. 
Earth  on  the  other,  we  may  then  obtain  Z),the  diameter  of  Mars's  sphere  of  attrac- 
tion ;  and  then,  Mr.  Walker's  formula, 

will  give  for  Mars's  time  of  rotation  97A.  34m.8.^  Observation  gives  24A.  37»i.4. 
The  coincidence  is  as  close  as  could  be  expected ;  the  masses  being  more  or  less 
uncertain,  and  tlie  formula  confessedly  "  approximate." 

'  For  tlie  interior  lialf-planet  ®i,  if  it  ever  liad  the  planetary  form  and  state,  the  time  of  rotation 
wonldbe  33A.989. 

'  Deriving  the  distances  from  the  more  extended  series  in  the  column  of  Law  in  Table  (B),  in 
(14),  we  have  2'7A.46m.3,  for  the  time  of  rotation. 
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[With  a  whole^lanet  arrangement  of  the  asteroid-mass,  the  resulting  time  of 
rotation  of  Mars  would  be  197t.968;  the  half-planet  arrangement  of  (60),  thus 
appearing  again  as  preferable.] 

So  that,  in  the  case  of  the  asteroids,  although  the  component  material  has  been 
dispersed ;  yet,  as  a  half-planet  portion  has  not  passed  over  and  been  absorbed  by 
an  interior  planet,  the  determining  conditions  of  the  next  interior  planet's  rota- 
tion have,  it  would  seem,  not  been  entirely  disturbed. 

Of  "Bode's  Zaw"  and  the  reasons  for  its  success  in  the  approximate  determination 
of  the  respective  distances  of  Uranus  and  several  other  planets,  and  also  for  its 
failure  to  determine  the  distance  either  of  Saturn  or  that  of 'Neptune. 

(109)  The  most  simple  statement  of  the  (so-called)  Law  of  Bode  (or  of  Titius) 
is  that  of  Sir  J.  Herschel;  viz, :  .  .  .  .  "The  interval  between  the  orbits  of  the 
Earth  and  Mercury  is  nearly  twice  that  between  those  of  Venus  and  Mercury;  that 
between  the  orbits  of  Mars  and  Mercury  nearly  twice  that  between  the  Earth  and 
Mercury;  and  so  on,"^ 

Now,  (13),  the  mean  value  of  our  whole-planet  ratio  is  (stated  here  approxi- 
mately) 1,8.  But,  if  we  subtract  Mercury's  distance  from  each  of  two  successive 
terms  in  the  whole-planet  series,  to  obtain  the  intervals  between  orbits  here  in 
question,  the  ratio  of  the  remaining  interval  will  exceed  the  ratio  r  of  1.8 +  ,  since 
the  smaller  of  the  two  distances  compared  will  be  more  than  proportionally  dimin- 
ished by  such  a  subtraction  ;  and  the  value  of  greater  divided  by  the  less  (*,  e.  here 
of  the  ratio)  will  be  increased.     Thus: — 


But 

(A)— Waroui-^'t  dislaiKe    _  n  _l  . 
Mars'-Ma-eury's  Metance  ~     "*■ ' 

the  ratio  being  a  very  little  greater  than  that  which  "  Bode's  Law"  requires. 

The  same  ratio  is,  even,  very  well  justified  in  the  instance  of  the  Earth  compared 
with  Venus,  and  Mars  with  the  Earth ;  though  [as  exhibited  in  Table  (B)  in  (14)], 
while  the  ratio  of  the  distance  of  Venus  to  that  of  Mercury  is  (incidentally)  the 
whole-planet  ratio  r,  that  of  the  Earth's  distance  to  that  of  Venus  is  only  rl,  and 
even  the  ratio  of  Mars'  distance  to  that  of  the  Earth  is  only  rL  But  the  increase 
of  the  measuring  unit  in  the  comparison,  as  we  proceed,  and  the  subtraction  of 
Mercury's  distance  in  every  instance  (one  being  more  effective  in  the  one  case,  and 
the  other,  in  the  other)  together  make  the  one  interval  near  to  the  double  of  the 
other. 

The  ratio,  as  has  been  already  stated,  nearly  accurate  for  the  Asteroid-interval  in 
the  middle  of  the  whole-planet  series.  But,  when  we  pass'beyond  that  to  the  Xupiter 
and  Saturn  terms,  successively,  the  subtraction  of  only  Mercury's  distance,  though 
just  about  sufficient  for  the  justification  of  the  Jupiter  interval,  gives  a  result  too 
small  in  the  instance  of  that  of  Ssturn. 

'  Outlines  of  Astronomy  (11th  Edition),  (505) 
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Thus — making  use  of  the  veritable  distances  as  stated  in  Table  (B),  ex] 
approximately,  we  shall  find : — 

Jtipiter't  ili)t(Mce  —  Mgremy't  distance  _  4.81      l.as 


Salwn')  ditlimce—Mrrciity'i  o 


Jv^ler'3  diitonce  —  Meri^ry's  < 

The  same  process  would  fail  notoriously  in  the  case  of  the  next  whole-planet 
(U),  were  that  yet  to  be  found.  But  Uranus  being  an  exterior  half-planet,  the 
ratio  of  its  distance  to  that  of  Saturn  is  ri  instead  of  r  ;  and  so  the  double  interval 
for  Uranus  is  tolerably  well  preserved  in  comparison  with  that  of  Saturn. 

But  as  the  ratio  of.  Neptune's  distance  to  that  of  the  exterior  half-planet  Uranus, 
(though  on  a  larger  scale  than  that  immediately  preceding,  in  the  order  here  pur- 
sued) IS  only  ri,  the  subtraction  of  only  Mercury's  distance  from  each  of  the  others, 
leaves  the  interval  for  the  greater  in  a  ratio  to  that  for  the  less  of  not  more  than 
IM+;  and  so,  the  representative  number  when  it  ought  to  be  301  appears  in  the 
series  of  numbers  illustrating  the  "  law"  as  388. 

The  latest  application  of  "  Bode's  Law"  would  seem  to  be  that  of  Maxwell 
Hall,  Esq. ;  an  abstract  of  whose  communication  is  given  in  the  Monthly  Notices  of 
the  Boyal  Astronomical  Society,  vol.  xxsiv,  No.  7  (May,  1874),  under  the  title  of 
'^'■The  Solar  and  Planetary  Systems" 

The  author  states  "  Bode's  Law"  as  follows:  "In  the  solar  and  planetary  sys- 
tems the  mean  distances  of  the  planets  do  not  greatly  differ  in  value  from  the  terms 
of  the  series : 

i?,,  17,,  lOX,  16;i,  28;l,  62>,  100;i,  196;i,  388a,  etc., 
where  X  has  different  values  in  different  systems.     But  there  may  be  more  than 
one   or  there  may  be  no  planet  or  satellite  near  any  of  the  above  theoretical  dis- 
tances.'"'    And  he  then  proceeds  to  determine  'A  in  miles  for  the  planetary  system, 
and  for  the  Jovian,  Saturnian,  and  Uranian  satellite-systems  respectively. 

"  Some  of  the  numerical  coincidences  are  very  close ;  thus  in  the  Uranian  system, 
taking  the  distj^nces  to  be  7x,  lOX,  16:^,  and  28X,  the  first  three  satellites  give 
y^^  17600,  and  17100,  and  17600  miles  respectively  (but  the  fourth  satellite  gives 
X  =  13400  miles)."' 

"  He  then  states  a  second  proposition :  '  Twice  the  unit  of  length  in  any  system 

'  Accordingly  in  the  statement  of  the  "  Law"  as  not  unfrequently  made,  which  representa  the  btic- 
cessive  distances  by  the  nnmbers  4.  i+lx3,  4+2x3,  4+2<'x3,  etc.,  Satam'e  representative 
number  exhibits  a  conspicnous  failure.  For  instead  of  the  troe  number  95,  the  distance  is  repre- 
sented by  100 ;  the  veritable  distance — as  has,  in  effect,  been  stated — being  too  amall  to  conform  to 
"Bode's  Law." 

[The  representative  nnmbers  4,  7,  10,  etc.,  appear  in  Mr.  Hall's  series,  quoted  in  this  Ariicle.^ 

'  Especially  in  this  connexion,  see  Note  to  (1). 

»  What  has  already  been  stated  in  the  way  of  exposition  of  tho  application  of  this  (so-called)  law 
in  the  planetary  system,  and  an  inspection  of  our  Tabic  (E)  in  (21),  with  its  two  ratios  in  accord- 
ance with  veritable  laws,  will  at  once  show  tho  reason  for  this  discrepancy.     See  also  Note  to  (7). 
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is  approximately  equal  to  that  distance  wliich  corresponds  to  the  period  of  rotation 
of  the  central  body  of  that  system,'  or  say" 

where  M  =  mass  of  central  body,  in  terms  of  the  mass  of  the  earth,  P  the  period 
of  the  axial  rotation  in  hours,  /L  in  miles  as  before. 

It  thus  appears  that  dividing  the  value  of  2.  for  any  system  by  the  value  of 
MiPi  for  the  central  body  of  the  system,  the  quotient  should  be  1580.  For  the 
Solar,  Jovian,  and  Saturnian  the  quotients  are  1T90, 1340, 1720,  mean  1620.  For 
the  Earth  ;t  =  13100  ;  so  that  regarding  the  Moon  as  a  fourth  satellite  (the  three 
interior  ones  missing)  the  theoretical  distance  is  210,000  miles.^ 

The  paper  concludes  with  some  considerations  as  to  M.  Lescarbault's  planet 
Vulcan. 

[Sir  J.  Herschel,  in  a  Note  to  Article  (505)  of  the  11th  edition  of  his  Outlines 
of  Aatronmny,  makes  the  following  statement : — 

"  Another  law  has  been  proposed  (in  a  letter  to  the  writer,  dated  March  1, 1869), 

by  Mr.  J.  Jones,  of  Brynhyfryd,  Wrexham.     If  the  planets'  mean  distances  from 

the  sun  be  arranged  in  the  following  orders :  Mercury,  Venus,  Jupiter,  Saturn ; 

the  Earth,  Mars,  Uranus,  Neptune;  the 'product  of  the  means  in  each  groiip  is 

nearly  equal  to  the  product  of  the  extremes. 

Venus  X  Jupiter  Earth  x  Neptune      ,      ^         .        ^  r         ■,      ^    .  r     .■ 

■^7^—— — ^7— =  TT? — Tf =  !■     In  point  of  tact  the  first  traction 

Mercury  x  Saturn       Mars  x  Uramis  '^ 

=  1.02,  and  the  last  =  i^,  so  that  the  approach  to  verification  of  the  law  is  really 

very  near.'" 


X  Jupiter 
Saturn^ 


Now  the  first  fraction 


may  be  resolved  into 

Venus  Jupiter 

Mercury      Saturn 
An  inspection  of  the  ratios  exhibited  in  our  Table  (B),  in  (14),  will  show  that 
the  first  of  those  component  fractions  expresses  a  whole  planet  ratio  r  ;  and  the 

second    component  the  in-uersion  of  that,    - .     So    that   the  value  of  the  whole 

expression 

— -  -^-     -,  resolved  into  its  two  components  here  specified  =  ^  x      =  1- 

Mercury  x  Saturn  1       r 

T\.      iu      tu     e     (-■       Earth  x  Neptune  ,  1      i  ■   .    Earth      Neptune 

ihen  the  other  traction, ~ ~^ ,  may  be  resolved  into x  -i^— — -  ." 

Mars  X  Uranus  Mars        Ufanus 

*  The  error  is  here  nearly  |  of  the  quantity  to  be  determined;  whereas  in  our  Tables  (B)  to  (B), 
and  even  (F),  inclusive,  the  greatest  difference  between  veritable  Law  and  Fact  is  that  in  the 
instance  of  Uranus,  in  which  the  discrepancy  is  not  g\y  of  the  quantity  to  be  measured,  and  even  for 
that  [5  of  (43)]  a  special  reason  is  assigned.  In  almost  every  other  instance  the  discrepancy  is  far 
less  than  that;  indeed,  all  but  incomparably  small.  The  greater  differences  specified  in  Mr.  Hall's 
pnper  are  such  as  are  characteristic  of  "  Bode's  Law." 
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and,  from  Table  (B)  again,  we  learn  that  the  first  of  these  component  fractions 


ponent  expresses  the  exterior  half-planet  ratio  ri  itself.     So  we  have  the  value  of 

Earth  x  Neptune        i     j  ■  ^     1      rl  ■     ^    ^ 

_____ _£ .  resolved  into     -x^r=)^S^™'  ™  -^■ 

Mars  X  Uranus  ri      1 

The  small  differences  from  1  (in  the  one  way  and  the  other)  in  the  actual  values 
already  quoted,  are  due  to  the  slight  increase  in  the  value  of  the  ratio  r  (and  its 
derivatives)  ;  as  exhibited  in  our  Article  (13), 

For  the  arrangement,  otherwise,  into  the  two  "  orders"  here  first  quoted,  there 
is  no  very  manifest  reason;  and  so  it  would  seem  to  be  merely  artificial.]^ 

Summation  of  Coincidences. 

(110)  In  the  summation  of  coincidences  and  the  comparison  of  the  same  with 
theoretical  deductions,  those  will  be  first  considered  which  have  at  various  times 
been  indicated  by  commentators  on  the  nebular  hypothesis  of  Laplace,  beginning 
with  those  which  M.  Laplace  has  himself  specified,  and  of  which  his  hypothesis 
was  especially  designed  to  furnish  the  explanation. 

ls(.  The  motion  of  the  planets  in  the  same  circular  direction,  and  nearly  in 
the  same  plane. 

2d.  The  motions  of  the  satellites,  with  few  exceptions,  in  the  same  direction 
with  those  of  the  planets. 

Sd.  The  rotation  of  these  different  bodies  and  of  the  sun,  also  in  that  same  cir- 
cular direction,  and -in  planes  not  much  inclined  to  one  another, 

•ith.  The  small  eccentricity  of  the  orbits  of  the  planets, 

5th.  The  hypothesis  accounts  for  the  existence  of  comets  in  the  solar  system, 
as  well  as  the  variety  of  inclination  of  their  orbits;  also  for  the  very  great  eccen- 
tricity, and  the  change  in  the  form  of  the  same.  &e  (34),  and  Note  VII  of  the 
Systime  du  Monde. 

[M.  Laplace's  expansion  and  explanation  of  these  five  coincidences  is  exhibited 
in  our  Articles  (34)  to  (34)  inclusive.] 

6th.  The  hypothesis  accounts  for  Saturn's  rings,  (28),  and  that  they  also  revolve 
in  the  same  circular  direction  with  the  planets  and  their  satellites. 


"Ith  Asteroids  as  well  as  ordinary  planets  are  provided  for ;  as  is  explained  in 
(29). 

8th.  The  great  heat  of  the  sun  and,  possibly  also,  of  some  of  the  existing  planets, 
are  facts  in  place. 

•  Tbongh  it  is  also  curious  that  we  have,  in  both  the  instances  in  question,  the  product  of  the 
expressionB  of  white  planet  distances,  divided  by  that  of  those  which  are  not  of  that  description ; 
the  reason  for  the  classification  of  the  planets  in  that  respect  even,  having  (99),  at  least  &  qnasi- 
relation  to  the  Ancient  State  of  the  system  exhibited  in  Table  (F),  in  (45)  ;  which  is  agjain  related 
(in  the  connexion  in  queKtion)  to  the  more  recent  arrangements  exhibited  in  Tabic  (B),  in  (14). 
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[See  in  this  connexion  (69)  and  its  NoteK  The  seeming  perturbations  of  the 
atmospheres  of  Venua  and  Mercury,  and  even  those  of  the  atmosphere  of  Jupiter, 
are  also  consistent  with  the  supposition  of  a  high  temperature,] 

dth.  The  very  existence  of  a  gaseous  or  nebulous  envelope  of  the  sun,  as  well 
as  of  the  atmospheres  to  so  many  of  the  planets,  is  itself  consistent  with  the  hypo- 
thesis in  question.     [Confirmed  by  recent  investigations  with  the  spectroscope]. 

10(/i.  Another  evidence  of  previous  high  temperature,  as  the  hypothesis  would 
require,  is  found  in  the  internal  heat  of  the  Earth,  even  now. 

lltTi.  Similar  is  the  evidence  of  geological  facts;  many  of  which  require  the 
existence  of  a  very  high  temperature  in  ancient  times. 

V2th.  The  evidences  of  the  eifects  of  a  former  high  temperature  in  the  moon, 
supplement  the  evidence  of  geology. 

IZih.  The  hypothesis  accounts  for  the  lack  of  an  atmosphere  to  the  moon ;  in 
the  explanation  quoted  in  (69), 

\^th.  The  hypothesis,  in  like  manner,  accounts  for  the  absence  of  secondary 
satellites  (satellites  of  satellites) ;  and  also  shows  why  there  are  no  secondary  lings ; 
in  the  explanation  quoted  in  (68). 

15/^.  The  hypothesis  accounts  for  the  arrangement  by  which  the  moon  and  (it 
may  be)  the  other  satellites,  present  the  same  faces  severally  to  their  respective 
primaries;  the  explanation  being  that  quoted  in  (68). 

16^^,  The  hypothesis  accounts  for  the  spheroidal  form,  of  the  planets;  they 
having  been  supposed  to  have  been,  in  older  times,  in  a  gaseous  or  in  a  liquid 
state,  in  which  they  took  a  form  suited  to  the  rotation  of  their  gravitating  material. 
The  researches  of  Prof.  H.  Hennesey  "have  shown  that  the  ultimate  ellipticity" 
in  consequence  of  the  accumulation  of  water,  etc.,  in  the  equatorial  regions,  and 
the  gradual  abrasion  of  polar  continents  in  case  the  Earth  were  at  first  a  solid 
sphere,  would  be  -j^^,  instead  of  "that  found  by  actual  measurement;"^  viz,  a 
little  greater  than  g-^-g^.  The  Earth  could  not  then  have  been  solid  at  first.  The 
oblateness  of  Mars  seems  to  be  too  groat;  but  it  is  supposed  that  the  liquid  sur- 
face of  some  planets  was  solidified  before  they  could  assume  the  figure  appertain- 
ing to  their  rotation. 

Vlfh,  The  molecular  constitution  and  whole  composition  of  aerolites;  so  like, 
and  yet  in  some  respects  so  different  from,  what  we  find  on  the  earth,  is  consistent 
with  a  common  origin  of  all  from  the  ancient  solar  atmosphere,  [The  spectrum- 
analysis  has,  within  a  recent  period,  afforded  similar  testimony,  and  to  a  greatly 
enlarged  extent], 

[The  existence  of  the  Zodiacal  Light  is  also  consistent  with  the  hypothesis  in 
question.  This  consistency  is  not  numbered  here ;  as  it  must  appear  in  another 
connexion,] 


'  A.s  stated  by  Prof.  Kivkwood  — AmeHcan  Journal  of  Science  and  Ihe  Ari^,  for  Sept.  1S60, 
p.  16t. 

11       February.  1875, 
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18th.  We  have  Kirkwood's  Analogy;  already  discussed  [(106)  to  (108)  inclusive]. 

I9th.  It  is  consistent  with  Laplace's  Nebular  Hypothesis  that  the  large  planets 
should  he  furnished  with  satellites,  while  the  small  planets  are  not  so  attended, 
with  the  bare  exception  of  the  Earth ;  vsrhich,  even,  has  but  one,  unless  some  small 
bodies,  not  wholly  unlike  aerolites,  are  to  he  added  to  the  number.  The  "  aban- 
donment" of  nebulous  rings,  etc.,  could  more  readily  proceed  and  be  carried  to  the 
result  of  condensed  rings,  or  of  satellites,  in  the  case  of  the  larger  bodies, 

20t7i.  The  greater  density  of  the  smaller  planets  in  comparison  with  the  larger ; 
and  the  tendency  to  a  law  of  increase  from  without  inward,' in  the  whole  series; 
as  manifested  in  Table  (A)  in  (3).  The  decidedly  abnormal  deviations  from  this 
are  specially  accounted  for.  [See  references  in  exposition  of  Consistencies  32d 
and  d9th  respectively.] 

2l8t.  The  Nebular  Hypothesis  furnishes  M.  Laplace  with  an  explanation  of  the 
exact  commensurability  of  the  angular  motions,  and  thus  of  the  periodic  times, 
etc.,  of  Jupiter's  satellites ;  they  having  "  immediately  after  their  formation  not 
moved  in  a  perfect  vacuum."  The  action,  in  this  case,  of  a  resisting  medium, 
itself  consistent  with  his  hypothesis,  is  illustrated  by  M.  Laplace  in  the  way  already 
indicated  in  (6T). 

The  farther  summation  of  consistencies  will  have  special  reference  to  other 
phenomena  and  relations  discussed  in  this  paper. 

22d.  In  addition  to  Consistency  2lst,  we  have  an  approximate  commensurability 
of  periodic  times  of  some  of  the  satellites  of  Saturn,  and  also  of  those  of  the  four 
outer  planets  of  the  Solar  System;  as  detailed  in  (67), 

2Sd.  The  modification  of  the  Laplace  Nebular  Hypothesis,  (37),  providing  for 
spheroidal  sheUs,  provides,  also,  for  a  conservative  force  for  the  holding  together 
of  great  masses ;  and  so  prevents  the  indefinite  multiplication  of  asteroids  in  all 
regions  of  the  system. 

24:th.  As  if  in  consistency  with  a  common  origin  and  mode  of  development,  we 
have  the  three  laws  of  distances  of  planets  and  half-planets,  as  stated  in  (10);  and 
the  arrangement  in  accordance  with  these,  in  Table  (B),  in  (14), 

25th.  We  have  also  the  prevalence  of  similar  laws  in  the  System  of  Saturn ; 
the  arrangement  in  accordance  with  which  is  exhibited  in  Table  (C)  in  (18 
Then,  moreover,  we  have  the  arrangement  in 'so  far  as  a  more  restricted  system 
would  admit  (viz.,  in  accordance  with  two  such  laws)  in  the  System  of  Jupiter ;  as 
shown  in  Table  (D)  in  (20);  and  in  the  approximate  arrangement  of  the  System 
of  Uranus  in  Table  (E)  in  (31). 

26th.  The  gradual  and  systematic  increase  or  diminution,  as  the  ca^e  may  be, 
of  the  leading  ratio,  and  its  powers  in  these  several  systems,  would  seem  again  to 
indicate  that  the  arrangement  had  a  physical  origin,  not  unlike  that  under  discus- 
sion.    [See  the  Summing  up  of  these  relations  in  (22).] 

27i/i,  The  consistency  of  the  results  obtained  in  so  many  connexions  by  a  reference 
of  positions  to  the  centres  of  gyration  of  the  revolving  masses,  together  with  other 
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facts  in  the  same  connexion,  all  but  insist  upon  and  reqmre  that  the  masses  in 
question  must  have  turned  around  together.  [See  especially  the  application  of 
this  in  (39)  and  (41);  also  (44)  with  Table  (F)  in  (45);  and  (53),  (54),  {56),  and 
(104).] 

28iA.  The  conditions  involved  in  connexion  with  what  is  stated  in  Consistency 
21fh,  also  show  that  the  law  or  laws  of  apportionment  of  the  masses  are  not  inde- 
pendent of  the  laws  of  the  distances ;  but  that  they  are  functions,  one  sort  of  the 
other,    [See,  again,  last  Note  to  (44) ;  also  quotations  in  (99),  and  its  last  Note  hut  one.] 

29;A.  It  is  in  perfect  agreement  with  Consistency  26^^  and  2'\t1i,  if  not  also  with 
Consistency  2Hth,  that  the  rings  of  Saturn  referred  to  their  respective  centres  of 
gyration  have,  in  Table  (C),  in  (18),  the  places  of  satellites. 

30(ft,  We  have,  besides,  the  commeiisurability  of  the  periodic  times  of  the  two 
great  satellites  of  Saturn  with  those  due  to  some  of  the  limits  of  Table  (C)  in  (18), 
at  which  satellites  are  now  missing,  as  that  commensuxability  is  exhibited  in  (66), 
and  in  consequence  of  which  (in  view  of  the  Laplace. Hypothesis,  or  of  that  hypo- 
thesis as  modified)  the  existence  of  satellites  may  have  been  prevented  there ;  and 
thus  also  possibly  may  have  been  occasioned  the  space  between  the  two  systems 
of  Saturn's  bright  rings;  all,  as  explained  in  (64). 

31si.  Again  we  have  the  commensurability  of  the  periodic  time  of  Jupiter,  and 
some  of  the  periodic  times  due  to  certain  of  the  asteroid  limits,  and  also  that  of 
Mars  ;  which  may  have  been  the  means  of  breaking  up  former  planets  or  asteroids, 
as  is  also  explained  in  (64).  With  respect  to  the  special  relations  of  the  Jmlf- 
planets,  Earth  and  Venus — in  accordance  with  the  Laplace  Nebular  Hypothesis, 
or  else  with  the  same  modified  as  in  (3T),  we  have: — 

S2d.  The  abnormal  density  of  the  Earth  accounted  for  (a  density  too  great 
for  the  Earth's  place  in  the  system).     [See  1  of  (39).] 

dSd.  In  connexion  with  that,  we  have  the  great  inclination  of  the  equator 
of  the  other  half-planet  Venus  to  the  plane  of  its  orbit;  apparently  accounted 
for  in  2  of  (39). 

S4:th.  We  have  the  approximate  agreement  of  the  neutral  point  (the  Kirk- 
wood  limit  of  the  Earth's  sphere  of  attraction  between  the  two  half-planets  on 
that  side)  with  the  whole-planet  limit  for  the  combination  of  the  two  masses; 
as  exhibited  in  4  of  (39).  [The  approximation  to  an  agreement  also  of  this 
last  with  the  centre  of  gyration  of  the  two  half-planets  has  already  been  adverted 
to  in  the  exposition  of  Consistency  27iA,  and  its  reference.] 

35ift,  The  great  oblateness  of  the  nebulous  Earth  (with  its  accumulated  dense 
material)  is,  (96),  recorded  in  the  great  distance  of  the  moon,  =  to  full  sixty 
equatorial  radii  of  its  primary  planet. 

S6th.  That  the  ascertained  density  of  the  moon  should  be  but  0.55654  of  that 
of  the  Earth  is  another  fact  in  place  in  this  discussion,  in  view  of  Consistency  35th. 

In  Gonsisiency  with  the  rest,  and  in  confirmation  of  oii/r  subsidiary  hypothesis 
aocouniing  for  the  disappearance  of  the  novMnissing  half-planet,  which  should  be 
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found  interior  to  Uranus  ;  viz.,  that  its  mass  was  absorbed  by  what  previously  cotir 
stituted  the  tnass  of  Saturn,  we  have: — 

Sith.  That  the  mutual  attractive  force  of  the  missing  mass  and  the  then- 
existing  Saturn  was  adequate  in  measure  to  the  effect  supposed;  as  is  explained 
in  1  of  (43). 

d8ih.  That  the  limit  to  which  the  same  mutual  attraction  extended  is  itself 
not  very  far  short  of  the  limit  (XJ)  at  which  the  whole-planet  mass  would  be 
likely  to  be  rent;  as  in  the  Earth-Venus  case  [4  of  (39)];  as  is  farther  explained 
in  2  of  (43). 

[The  mass  of  the  missing  planet  is  found  in  (41)  by  the  application  of  the 
formula  for  the  centre  of  gyration ;  which  has  its  reference  in  Consistency  ^Ith.} 

'S9th.  The  Very  inferior  density  of  Saturn  [below  that  due  to  his  place  in  the 
system,  and  the  least  in  all  the  series  of  densities  of  planets  in  Table  (A)  in 
(3)],  is  here  a  special  fact  in  place;  so  much  of  the  material  of  the  existing 
Saturn  being  derived  from  the  region  outside.   [See  4  of  (43).] 

40(A.  All  this  would  contribute  to  give  the  forming  nebulous  Saturn  a  ven/ 
oblate  figure;  the  ellipticity  being  even  greater  than  that  of  the  forming  Earth 
— for  the  outer  satellite  Japetus  is  at  the  distance  of  more  than  sixty-three 
radii  of  its  primary;  and  the  very  faint  light  of  that  satellite  in  certain  posi- 
tions may  be  accepted  as  one  condition  not  in  itself  inconsistent  with  a  low 
density. 

41si.  AU  this  would  permit  the  formation  of  satellites  to  begin  and  advance, 
some  time  before  that  of  the  rings ;  and  so  the  conservative  influence  of  the 
satellites  be  exerted,  in  those  early  times,  to  preserve  those  rings  and  keep 
them  concentric  with  the  shrinking  planet;  and  thus  make  it  possible  for 
Saturn  to  be  adorned  with  those  remarkable  appendages  which  make  him  an 
instantia  solitaris  in  the  system.  [See  explanations  and  quotations  in  7  of  (43) 
and  its  Note  3.] 

42c?.  The  great  mass  of  the  ancient  Saturn  \,  (notwithstanding  its  low  density), 
would  seem  to  have  been  efficient  in  bringing  about  the  great  inclination  of  the 
equator  of  Uranus  to  the  plane  of  its  orbit,  a^  well  as  to  that  of  the  ecliptic, 
[and  also  that  of  the  whole  Uranian  system,  specially  described  in  3  of  (43)  ;]  the 
whole  so  like  the  effect  on  the  inclination  of  the  equator  of  Venus,  insisted  on 
in  Consistency  33*?.  Thus  these  two  phenomena,  so  like,  but  which  present 
themselves  in  regions  of  the  system  remote  from  one  another,  are  found  to  be 
referable  to  the  action  of  not  unlike  causes, 

43rf.  The  very  considerable  inclination  of  the  Satumian  system  (equator  of  the 
planet,  rings,  and  orbits  of  satellites) — so  unlike  in  that  respect  to  the  system 
of  the  other  great  planet  Jupiter — would  seem  itself  to  be  referable  to  the  same 
disturbance  which  so  tilted  up  the  equator  and  all  the  system  of  Uranus. 

44^^.  It  is  not  inconsistent  with  all  this,  that  on  a  comparison  of  the  column 
of  Fact  with  the  column  of  Law  in  Table  (B)  in  (14),  Uranus  would  almost 
seem  to  have  perceptibly  fallen  in ;  and  Saturn  perhaps  have  been  drawn  a  little 
outward.  [See  5  and  10  of  (43)].  And  it  may  be  that  Consistency  '^Ist  is  also 
.  to  be  found  here  [see  9  of  (43)]. 
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4:5th.  A  like  effect  may  be  more  distinctly  traced  in  the  system  of  Saturn,  in 
the  instance  of  the  satellite  Hyperion,  which  is  just  outside  of  Titan,  the  Jupiter 
of  the  system ;  as  may  be  made  apparent  by  a  comparison  of  the  columns  of  Fact 
and  of  Law  in  Table  (C)  in  (18);  which  is  withal  explained  in  (66).  That  Mars 
also  seems  to  have  j^erceptihly  fallen  in  by  the  acquisition  of  material  from  the  aste- 
roid mass  is  discussed  in  (65). 

46(^.  The  subsidiary  hypothesis  of  the  transference  of  the  half-planet  mass,  is 
still  farther  and  very  remarkably  confirmed  by  the  ratios  due  to  the  Ancient  State 
exhibited  in  Table  (F)  in  (45),  the  Uranus-Saturn  ratio  of  which  is  not  justified, 
unless  we  also  restore  Saturn  to  its  andent  state,  by  restoring  also  the  missing  planet 
to  its  legitimate  place ;  and  then  combine  that,  the  mass  of  Uranus,  and  also  that 
of  the  ancient  Saturn  \,  ail  at  their  common  centre  of  gyration;  and  th&n  the 
appropriate  ratio  in  Table  (F)  is  very  scrupulously  J'ustified} 

4,1th.  The  conformity  of  the  ratios  of  the  Andent  State  is  itself  a  justification 
of  the  mass  of  the  missing  half-planet ;  that  mass  being  independently  determined 
in  conformity  to  the -condition,  that  the  centre  of  gyration  of  that  half-planet  and 
Uranus  should  be  the  same  with  the  whole-planet  limit  (U)  in  Table  (B)  in  (14). 

This  value  of  the  mass  is  still  farther  confirmed,  in  so  far  as  may  he,  by  the 
curious  relations  developed  in  (104);  in  which  the  mass  of  the  ancient  Saturn  i^ 
(Saturn  deprived  of  the  mass  of  the  now-missing  planet)  enters  in  one  connexion, 
and  the  mass  of  the  existing  Saturn  in  another. 

4:Sth.  The  justification  of  the  ratios  of  the  Ancient  State,  as  the  same  are  exhi- 
bited in  Table  (F)  in  (45),  itself  demands  a  special  value  of  the  asteroid-mass ;  and 
the  value  thus  ascertained,  with  the  data  which  we  have,  agrees  closely  with  that 
signified  by  M.  Le  Verrier  (in  one  of  his  investigations  of  the  subject),  as  being 
required  by  the  perturbations  of  the  planet  Mars.  [See  explanations  and  quotations 
in  (47)  and  NoteJ] 

49M.  The  arrangements  of  the  Ancient  State  exhibited  in  Table  (F)  in  (45), 
into  which  combinations  of  planetary  masses  alternately  enter,  justify  the  posi- 
tion of  Mercury  in  their  own  series.  Then  withal  the  aphelion  of  Mercury's 
orbit  has  a  whole-planet  place  in  Table  (B)  in  (14),  while  the  perihelion  of  the 
same  has  a  half-planet  place.  The  arrangements  of  both  tables  thus  consistently 
indicate  that  Mercury  has  accumulated  in  itself  the  material  appropriate  for  a  planet 
and  a  half  planet,  and  that  its  position  justifies  that, 

50iA.  The  arrangements  now  specified,  also  serve  to  account  for  the  great  eccenr 
t'ricity  of  Mercury's  orbit;  the  planet  having  absorbed  into  itself  the  ring-like 
or  shell-like  masses,  one  due  to  the  whole-planet  position  at  the  aphelion  of  the 
orbit,  and  the  other  to  the  half-planet  position  at  the  perihelion. 

'  As  the  annual  aberration  of  the  sun,  planets,  and  fixed  stars  is  without  explanation,  if  we  do 
not  admit  the  doctrine  of  the  earth's  motion ;  but  the  whole  explanation  is  adequate  in  mode  and 
in  measure  with  that  motion  flrst  admitted.     There  is  certainly  an  approximation  to  a  parallelism 
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51flf.  The  distribution  of  masses  which  Consistency  50th  would  indicate,  and  the 
Laws  of  Distance  in  (10),  together  enable  us  to  compute  the  mass  and  mean  distance 
of  material  (possibly  planetary)  immediately  interior  to  Mercury.  And  the  mass 
thus  indicated  seems  to  be  adequate  to  produce  the  perturbations  of  Mercury's 
orbit  to  the  extent  reqmred  by  M.  Le  Vemer.     [See  discussion  of  all  in  (52)], 

d2d.  With  the  arrangement  of  distances  of  Jupiter  and  Saturn  either  in  the 
column  of  Law  or  in  the  column  of  Fact,  in  Table  (B),  in  (14),  and  with  the  ascer- 
tained value  of  their  masses,  we  find,  (53),  the  vis  viva  or  moment  of  (simultaneous) 
rotation  of  the  one  very  accurately  equal  to  that  of  the  other ;  so  that  the  masses 
are  inversely  as  the  squares  of  the  radii  of  gyration ;  i.  e.  here  inversely  as  the 
squares  of  the  mean  distances  from  the  sun. 

There  is,  at  least,  a  rude  approximation  to  the  same,  on  a  large  scale,  when  the 
masses  and  distances  of  Neptune  and  the  next  term  of  the  series  [Uf^]  in  Tabic  (F) 
in  (45)  are,  in  like  manner,  made  the  subjects  of  a  proportion  in  (104). 

It  may  be  then  that  the  great  divisions  of  the  nebulous  solar  atmosphere  (ante- 
cedent perhaps  to  other  planet-forming  developments)  were  made  in  conformity  to 
the  proportion  here  in  question. 

But  in  what  seems  like  the  subsequent  subdivision  of  the  [Ui^]  mass,  in  its 
special  comparison  with  Neptune,  the  proportion,  (104),  o£.  distances  inversely/  as 
the  ^ power  of  the  masses  is  very  accurately  justified;  in  which  the  whole-planet 
mass  (U)  (consisting  of  the  mass  of  Uranus  and  that  due  to  its  now-missing  interior 
gi)  enter,  as  well  as  the  ancient  Saturn  i^;  though,  as  already  intimated  in  Consists 
ency  47(A,  the  existing  Saturn  enters  in  the  comparison  with  Jupiter. 

The  moments  of  (simultaneous)  rotation  of  the  outer  and  inner  systems  of  bright 
rings  of  Saturn  exhibit,  (53),  an  approximation  to  equality  like  that  of  the  great 
outer  masses  here  spoken  of 

[Also  if  the  expressions  of  the  respective  velocities  of  the  existing  ring  sys- 
tems, at  their  centres  of  gyration  be  made  to  enter,  instead  of  the  2d  powers  of  the 
same,  we  have,  (53),  with  m  and  m'  for  the  masses,  and  a  and  a!  for  the  distances 
from  the  centre  of  the  planet 

m  X  «  of  inner  rings      ,  n-,-  -^ 

—, r-c — -. -■—  ■  =  1.0753. 

m  X  o,  01  outer  rings 

Incidental  very  possibly,  but  curious.] 

5Sd.  From  what  is  stated  in  Consistency  52<Z,  it  would  seem  to  have  been  the 
case,  that  the  large  masses  of  the  system,  in  the  series  from  without  inward, 
increased  in  a  more  rapid  ratio  than  the  respective  distances  diminished  (in  a  more 
rapid  ratio,  viz.,  than  the  inverse  ratio  of  the  distances);  the  increased  density  of 
material  more  than  counterbalancing  the  effect  of  its  diminished  quantity. 

Accordingly,  in  (57),  with  scarcely  an  exception,  we  find  a  continual  increase 
of  the  masses,  from  Neptune  to  Jupiter  inclusive ;  the  mass  of  Jupiter  being  tran- 
scendently  the  greatest  of  all. 

The  like,  (58),  is  true  (Hyperion  being  the  exception  there)  in  the  system  of 
Saturn;  Titan  being  the  Jupiter  of  the  system;  as  is,  (59),  the  Sd  satellite  among 
the  four  satellites  of  Jupiter;    while,  lastly,  the    Earth  and  Venus,  (101),  are, 
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respectively,  the  Saturn  and  the  Jupiter  of  the  Minor  System  of  planets ;  and 
there  are  other  curious  relations,  furnishing  subjects  for  comparison,  which  are 
detailed  in  (101)  and  (102). 

64:th.  It  ia  shown  in  (16)  that  the  centre  of  gyration  of  a  thin  homogeneous 
ring  is  in  the  circumference  of  a  circle  concentric  with  the  edges  of  the  ring,  and 
bisecting  its  area.  Also  that  R'  and  r'  being  the  radii  of  the  edges  of  the  ring  and 
G  that  of  the  centre  of  gyration,  we  shall  have 

c  =  HH'  +  n- 

(a)  The  same,  in  (54),  is  extended  to  the  case  in  which  the  equivalent  masses  are 

both  thin  homogeneous  rings,  one  wholly  clasping  the  other ;  R'  and  y  representing 
the  respective  radii  of  the  centres  of  gyration  of  the  two  clasping  rings,  and  G  that 
of  the  common  centre  of  gyration. 

(S)  The  common  formula  for  the  centre  of  gyration  will,  when  reduced,  give  us 
the  same  equation,  in  the  case  of  a¥i,y  two  egual  masses,  irrespective  of  the  form  of 
cither. 

Now  although  the  two  systems  of  bright  rings  of  Saturn  can  scarcely  be  presumed 
to  be  homogeneous,  and  altliough  they  do  not  seem  to  be  equal  in  mass,  yet,  (55), 
the  equation  in  question  is  found  to  be  very  nearly  applicable  to  them, 

[Making  use  of  this  inductively ^  as  some  indication  of  the  ring-like  form  in. 
revolving  masses,  (55),  we  found,  that  the  like  equation  in  the  solar  system  was 
very  nearly  justified  in  the  case  of  the  half-planets  Earth  and  Venus;  and,  (56), 
that  a  similar  one  was  nearly  realized  in  the  case  of  Neptune  and  Uranus ;  the 
distances  being  those  in  the  column  of  Law,  in  Table  (B)  of  (14).^ 

These  results  might  seem  to  be  consistent  with  the  supposition  that  the  flowing 
over  of  the  material  of  the  oblate  solar  atmosphere  had  given  to  the  masses  in 
question,  at  some  period  of  their  development,  a  form  not  unlike  that  of  a  thick  ring  ; 
and  yet  the  same  cannot  be  regarded  as  decisive ;  and  in  the  case  of  Uranus  and 
Neptune,  there  is  the  other  explanation  found  in  (6)  of  this  Consistency;  for  the 
masses  of  Neptune  and  Uranus  are  nearly  egw«?.] 

In  another  and  different  instance  we  have  a  closer  agreement. 

The  centre  of  gyration,  (19),  of  the  whole  system  of  Saturn's  Bright  Rings  is  at 
a  distance  from  the  planet's  centre  =  1.9090 ;  being  just  within  the  outer  edge  of 
the  Inner  Bright  Eing  (or  Eings),  which  is  at  the  distance  1.9376 ;  as  though  the 
division  of  one  great  ring  had  taken  place  there. 

Some  reason  why  the  opening  between  the  system  of  rings  should  be  permanent, 
is  given  in  (64) ;  which  reason  has  already  been  alluded  to  in  Consistency  ZOtk. 

^  Before  Uranus  (Consistency  mth)  had  perceptibly /h/ 2 e)i  in. 
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55;7i.  An  application  of  the  criterion  of  the  ring-like  form  as  stated  in  Con- 
sistency b4dh,  was,  as  far  as  might  be,  made  use  of  [(60),  (61),  and  (62)]  in 
determining  as  to  whether  it  would  be  preferable  to  attribute  to  the  asteroid' 
mass  (in  the  progress  of  its  development)  at  any  period,  a  whole-planet  or  a 
half-planet  arrangement;  without  the  assertion  that  either  is,  beyond  contro- 
versy, supposable. 

In  favor  of  the  supposition  of  a  half-planet  arrangement,  we  had : — 
(a)  That  we  do  not  find  the  equation  here  in  question  justified  when  a  com- 
parison is  instituted  between  the  whole-planet  arrangement  and  Mars;  but, 
with  an  appropriate  distribution  of  the  mass  for  a  Tialf-planet  arrangement  we 
find,  (60),  a  close  approximation  to  the  fulfilment  of  the  equation  in  question. 
Qj)  This  might  seem  to  have  the  less  weight,  were  it  not  also  true  that  the 
limit  of  equal  attraction  between  the  exterior  half-asteroid  mass  and  Jupiter, 
(60),  is  3.35790,  and  that  between  the  interior  half-asteroid  mass  and  Mars, 
is  2.14438;  which  hmits  very  well  mark  the  range  of  the  mean  distances  of 
the  known  asteroids ;  and,  (61),  the  respective  distances  3.34083  and  2.47748 
of  the  exterior  and  interior  half-asteroid  masses  approximate  to  the  aphelion 
and  perihelion  distances  of  several  of  the  existing  asteroids ;  so  that  the  case 
in  that  respect  may  possibly  resemble  that  of  Mercury,  commented  on  in  (50), 
(c)  Other  circumstances  discussed  in  (65),  and  referred  to  in  Consistencies 
31si  and  45tt,  seem  to  indicate  that  (with  the  wide  range  and  great  eccentricity 
of  the  asteroid-orbits)  Mars  may  have  acquired  material  of  slower  motion; 
which  caused  that  planet  (^perceptibly)  to  fall  in.  Such  is  the  look,  when  Fact 
and  Law  in  Table  (B)  in  (14)  are  compared. 

[This  is  again  alluded  to  here  because  of  its  present  connexion  with  the 
other  considerations;  though  formally  noticed  in  Consistency  45^A.] 

{d)  Though  we  may  not  attribute  too  much  weight  to  our  results  when  the 
data  are  imperfect — yet,  in  this  connexion,  we  find  that  the  formula  derived 
from  Kirkwood's  Analogy,  which,  (107),  signally  fails  (for  reasons  assigned) 
to  give  us  the  length  of  the  sidereal  day  of  Uranus,  yet,  (108),  approximates 
to  a:  true  result  in  the  case  of  Mars,  referred  on  the  one  side  to  the  Earth  and 
,  on  the  other  to  tlie  interior  half-asteroid  mass. 

56^^.  In  view  of  the  secular  variations  of  the  planetary  orbits,  we  have  exhibited 
in  (99)  the  close  approximation  to  coincidence  of  the  planes  of  those  orbits  in  very 
ancient  times. 

In  (99)  we  maHe  the  suggestion  that  the  mean  inclination  of  the  sun's  equator 
(of  nearly  5°)  to  these  may  have  arisen  from  the  fact  that  the  acquisition  of  mate- 
rial of  a  planet  from  the  extra-equatorial  regions  of  the  sun's  nebulous  atmosphere, 
may  have  been  mainly  from  one  side;  the  changes  in  the  two  half-spheroids  not 
being  mnvltaneous. 

But  this  is  a  region  for  speculation  in  which  our  sources  of  information  are 
very  restricted.  [Not  quite  discordant  with  it,  however,  is  the  fact  mentioned  in 
(99),  and  its  Note  (5),  that  the  great  planetary  masses  of  Table  (F)  [in  (45)]  are 
alternately  white  and  yellow  or  ruddy.] 
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61th.  Other  harmonies  may  be  gathered  from  the  Memoir  on  tlie  Secular  Varia- 
tions of  the  Elements  of  the  Orbits  of  Eight  Principal  Planets,  by  John  N.  Stock- 
well,  M.A.,  from  which  the  positions  of  the  planes  of  the  planetary  orbits,  alluded 
to  in  Consistency  56(A,-are  taken;  which  harmonies  are  to  some  extent  described 
in  (99).  These,  like  Consistencies  22d  and  Slst,  seem  to  indicate'  a  common  origin 
of  the  bodies  concerned — under  restricted  circumstances. 

5Sth.  As  stated  In  (100),  the  orbits  of  the  outermost  satellites  of  Saturn  and 
Jupiter  have  very  considerable  inclinations  to  the  equators  of  their  respective  pri- 
maries ;  as  though  their  development  had  an  earlier  history  than  that  of  the  other 
satellites  and  appendages. 

And  the  orbit  of  our  own  moon  has  a  mean  inclination  of  something  less  than 
5°9'  to  the  orhit  of  the  Earth ;  while  the  variable  inclination  of  the  Earth's  equator 
is  more  than  four  times  as  great ;  as  though  the  moon  in  the  nebulous  state  had 
been  separated  in  the  form  of  a  splieroidal  shell,  hefore  the  axis  of  the  Eai'th  was 


The  like,  withal,  would  seem,  (100),  to  have  happened  in  the  instance  of  the 
satellites  of  Uranus  and  their  primary  planet;  with  additional  varieties,  themselves, 
as  it  were,  confirmatory  of  the  supposition  of  the  rending  away  and  absorption  by 
Saturn  of  the  mass  due  to  the  (now  missing)  half-planet,  which  was  once  connected 
with  that  of  Uranus. 

59th.  In  our  explanation  of  the  appearances  of  certain  of  Jupiter's  satellites  as 
dark  spots,  while  they  were  in  transit  across  the  disk  of  their  primary ;  the  con- 
clusion was  arrived  at,  (69),  that  the  phenomena  were  due  to  absorption,  and  pos- 
sible interference,  of  the  light  proceeding  from  Jupiter  and  encountering  that  of 
the  satellite  ;  as  is  explained  in  (Q9).     The  circumstances  also  seemed  to  indicate  : 

(a)  A  confirmation  of  the  supposition  that  the  satellites,  in  their  revolution, 
continue  to  present,  respectively,  each  nearly  the  same  face  to  its  primary. 

(b)  That  the  phenomena  of  absorption,  etc.,  indicate,  as  a  reasonable  probability, 
that  the  satellites  are  colder  than  their  primary. 

(c)  That,  therefore,  the  satellites,  like  our  moon,  have  very  possibly  little  or  no 
atmosphere. 

{d)  That,  in  view  of  the  Laplace  Nebular  Hiypothesis,  the  satellites  may,  then, 
possibly  have  lost  their  atmospheres,  in  the  same  way  in  which  M.  Laplace  supposes 
the  moon's  a;tmosphere  may  have  been  carried  away;  which  was  ah-eady  alluded 
to  in  Consistency  ISth,  and  explained  in  (69). 

All  this  bears  upon  the  question  of  a  similar  origin  and  development  of  all  the 
bodies  (comets  excepted)  of  the  solar  system. 

60th.  In  Articles  (70)  to  (95)  inclusive  we  have  a  discussion  of  the  phenomena 
of  the  Zodiacal  Light;  which,  in  (78),  are  regarded  (in  modification  of  Chaplain 
George  Jones's  hypothesis)  as  due  to  a  girdle  encompassing  the  Earth.  It  is  further 
indicated,  in  (79),  that  the  girdle  is  preserved  from  destruction  by  having  its  peri- 
odic time  coincident  with  that  of  the  moon ;  and  the  limits  of  the  girdle,  (89),  are 
computed  in  accordance  with  that  subsidiary  hypothesis,  and  the  variations,  (83), 
in  the  size  of  the  girdle  are  distinctly  stated.     Also  tidal  actions  at  the  ends  of  the 

12      February,  1875. 


Hosted  by 


Google 


90  STATEMENTANDIilXPOSITIONOF 

major  diameter.  Accumulations  of  material,  or  the  contrary,  must  also  exist,  in 
the  maintenance  of  the  dynamical  equihhrium  vyliere  the  central  forces  of  earth 
and  moon  act  at  an  angle  with  one  another;  somewhat,  it  may  be,  like  that  which 
appears  in  Fig.  14,  at  Article  (80), 

Examples  of  observed  phenomena  are  afterwards  given ;  and  in  (96)  eight  par- 
ticulars are  specified,  in  which  the  whole  hypothesis  seems,  thus  far,  to  be  consis- 
tent with  the  observed  phenomena. 

The  resemblances  and  differences  of  the  Girdle  and  Saturn's  Dushy  Ring  are 
stated  m  (98). 

%l8t.  The  late  Scars  C.  "Walker  in  a  personal  communication  to  the  author  of 
this  paper,  made  some  years  since,  was  understood  to  say,  that  he  had  computed 
what  would  be  the  time  of  rotation  of  the  now  existing  Earth,  if  its  material  were 
given  a  ring-like  form  extending  to  the  Kirkwood  limits ;  and  that  he  had  found  a 
year  for  the  time  of  rotation,  as  the  Laplace  Nebular  Hypothesis  would  require. 

Prof.  Benjamin  Peirce,  commenting  on  the  explanation  of  the  rotation  of  the 
planets  on  their  axes,  as  deduced  from  the  nebular  hypothesis  of  Laplace,  and  rea- 
soning especially  with  regard  to  Jupiter  and  Saturn,  is  understood  to  have  "demon- 
strated, by  a  mathematical  analysis  of  tho  movements  of  the  particles  constituting 
the  liquid  ring,  that  the  velocities  of  the  resulting  rotations  of  those  planets  must 
be  such  as  are  actually  observed."  No  authentic  information  of  this,  however, 
seems  as  yet  to  have  been  made  public. 

[Then  Maxwell  Hall,  Esq,,  (109),  would  establish  a  connexion  between  the  mass 
of  a  central  body,  sun  or  planet,  and  its  period  of  axial  rotation,  and  certain 
approximate  ratios  developed  from  the  so-called  Bode's  Law.] 


In  the  statement  of  Consistencies  no  allusion  has  been  made  to  the  coincidences 
in  the  times  of  revolution  of  the  planets  with  the  respective  times  of  rotation  of 
the  sun  with  an  atmosphere  supposed  to  be  expanded  successively  to  the  distances 
of  the  planets.      Sufficient  data  for  this  are  not  attainable. 

Other  coincidences  not  sufficiently  accurate  have  not  been  insisted  on  in  the 
enumeration;  and  conjectures,  like  that  in  (97),  with  respect  to  the  Aurora,  cannot 
yet  be  veriiied.  The  giving  of  undue  weight  to  the  result,  in  any  instance,  has, 
withal,  been  carefully  guarded  against. 

In  view,  however,  of  all  the  consistencies  which  have  now  been  enumerated,  the 
inquiry  whether  these  can  all  he  incidental,  would  seem  at  once  to  suggest  its  own 
negative  answer. 

But  whether  that,  indeed,  be  so  or  no,  a  single  additional  statement  should,  if 
possible,  once  for  all,  be  made  emphatic : — 

The  special  relations  exhibited  in  Section  II.  (designedly  stated  without 

REPEKENCE  TO  ANT  THEORETICAL  CONSIDERATIONS),  AND  THE  OTHER  PHENOMENA 
DETAILED  IN  SECTION  III.,  AT  LEAST  IN  SO  FAR  AS  MERE  NUMERICAL  RELATIONS  ARE 
CONCERNED — ALL  THESE,  FROM  FIRST  TO  LAST,  DEPEND  UPON  EXISTING  FACTS  OR  RELA- 
TIONS IN  THE  Solar  System  itself  ;  and  so  must  endure  while  the  system  lasts, 

THOUGH   EVERT  HYPOTHESIS  WITH  REGARD  TO  THOSE  RELATIONS  SHOULD  BE  REJECTED. 
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But  if  every  hypothesis,  be  rejected,  the  relations  exist  as  more  or  less  consistent, 
but  yet  as  ultimate  facts;  i.e.  without  any  explanation;  while  the  hypothesis,  or 
rather  theory,  which  has  been  discussed  in  these  pages,  seems,  with  a  more  or  less 
perfect  applicability,  to  include  and  grasp  the  wJiole. 


ADDENDUM. 

I  Qf'id.  In  addition  to  what  is  already  stated  as  a  part  of  Consistency 
55i/i,  it  may  be  noted,  that  the  resulting  rotation  of  Mars  as  determined  by 
Kirkwood's  Analogy,  (108),  is  not  merely,  in  so  far  as  may  &e,  confirmatory 
of  the  half-planet  arrangement  of  the  asteroid-mass  exhibited  in  (60)  ;  but  also 
of  the  value  of  the  inass  itself,  as  determined  in  (46) :  the  appropriate  fraction  of 
the  mass  entering  into  the  computation  of  the  time  of  rotation  in  question. 


Note  (A). 
On  the  Origin  of  Clysters  and  NSulm. 

The  application  of  similar  principles  to  those  involved  in  the  Nebular  Hypothesis 
of  Laplace,  but  on  a  larger  scale,  and  with  reference  to  a  greater  variety  of  circum- 
stances, led  the  author  of  this  paper  to  his  own  hypothesis  of  the  Spheroidal  Origin 
of  Clusters  and  NebnIcB;  which  represents  those  groups  and  conglomerations  as 
being  the  derivations  of  spheroids  (or  of  rings  derived  from  spheroids,  or  of  masses 
of  an  ancient  ring-like  form)  all  rotating  in  a  state  of  dynamical  equilibrium,  at 
periods  very  remote.  But,  that  the  process  of  cooling  brought  about  like  phenomena 
to  those  which  the  Laplace-hypothesis  maintains  to  have  taken  place  in  the  instance 
of  our  sun ;  viz.  the  same  more  rapid  rotation,  sometimes  with  a  local  increase  of 
actual  velocity,  sometimes  with  a  diminution  of  the  same;  but  always,  on  the  whole, 
with  an  increase  of  angular  velocity,  continued,  however,  until  the  centrifugal  force 
of  rotation  o'ermastered  cohesion  and  gravitation,,  and,  in  place  of  an  "  abandoned" 
equatorial  ring,  portions  of  the  ruptured  material  were  ejected;  to  be  left  behind 
the  others,  in  the  direction  opposite  to  that  of  the  rotation — the  material  thus  being 
broken  into  elongated  fragments,  and  they  again  into  drops;  but  every  drop  having 
in  it  material  sufficient  to  form  a  condensed  nebula,  or  in  the  end  a  star:  the  result 
presenting  appearances  such  as  are  visible  in  the  very  beautiful  nebula  H.  1173; 
the  spirals  described  and  figured  by  the  late  Lord  Kosse;  the  projections  from  the 
one  end  of  the  annular  nebula  in  Lyra ;  and  the  teeth  leaning  tachaard  in  the 
globular  cluster  H.  1968,  etc.  etc. 

The  expositions  in  the  communication  here  referred  to,  occupy  in  all  twenty-nine 
(double-column)  quarto  pages  of  the  3d  volume  of  (Gould's)  Astronomical  Journal, 
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published  in  1853;  and  among  those  expositions  is  one,  drawn  out  in  detail,  the 
heading  of  which  is  '■'■The  Milhy  Way — a  Spiral ;"  which  is  found  in  No.  37  of 
the  Journal  specified,  at  p.  101;  followed  by  some  reasons  for  supposing  that  the 
spiral  had  four  branches,  and  a  dense  central  cluster/ 

For  a  variety  of  other  details  as  well  as  a  more  complete  exposition  of  the 
phenomena  and  their  progress,  reference  must  be  made  to  the  memoir  itself;  but 
one  of  its  concluding  paragraphs  should,  if  possible,  be  made  emphatic;  and,  there- 
fore, we  also  introduce  it  here.     It  reads  thus:  — 

"  While  it  is  even  to  be  expected  that  errors  may  hereafter  be  found  in  the 
various  details  which  have  been  so  fully  exhibited,  it  is  respectfully  submitted 
whether  this  same  hypothesis  of  the  spheroidal  origin  of  so  many  of  the  clusters 
and  nebulte,  in  its  most  important  features,  is  not  adequate  in  'mode ;  or  whether, 
in  the  very  least,  the  phenomena  do  not  even  require  the  admission  of  a  dynamical 
equilibrium  destroyed,  as  the  one  pervading  principle — guiding,  as  it  would  also 
seem,  to  the  explanation  of  all  the  other  conditions." 

It  would  seem,  indeed,  to  be  in  vain  to  look  for  an  exposition  of  the  phenomena 
and  their  progress,  if  we  do  not  keep  in  view  and  adhere  to  the  hypothesis  of  a 
dynamical  equilibrium  destroyed  ;  a  coneer%ative  view  does  not  now  suit  the  case. 

Among  the  conditions  requiring  just  that,  are  the  phenomena  here  briefly  ad- 
verted to;  and  the  fact  that  the  centres  of  clusters  do  not  exhibit  the  enormous 
condensation  anywhere,  which  the  "clustering  power"  of  Sir  William  Herschel, 
it  would  seem,  must  somewhere  have  produced;  but,  on  the  contrary,  the  central 
portions  uniformly  appear  as  if,  when  they  were  released  from  superincumbent 
pressure,  by  the  rupture  of  the  outer  portions  of  the  spheroid,  or  other  primitive 
form,  their  feeble  central  attraction  could  no  longer  preserve  them  in  form ;  and  so 
the  centres  are  always  broken  up.  The  sudden  curvatiwe  of  the  spirals,  moreover, 
seems  to  be  more  like  that  due  to  the  ejection  of  material  under  the  influence  of 
an  excess  of  centrifugal  force,  than  that  which  would  result  from  a  rushing  inward, 
in  obedience  to  an  excess  of  attraction. 

The  supposition  of  original  nebulous  spheroids  does  not  seem  to  be  contradicted 
by  the  revelations  of  the  spectroscope ;  but,  on  the  contrary,  to  be  consistent  with 
them. 

In  further  justification  of  an  hypothesis,  the  distinguishing  feature  of  which  is 
the  utter  destruction,  on  the  large  scale,  of  a  dynamical  equilibrium,  we  also  re- 
produce the  conclusion  of  the  communication  already  referred  to,  which  is  as  fol- 
lows : — 

The  more  condensed  clusters  (other  things  being  equal)  must,  upon  this  plan, 
be  regarded  as  probably  of  the  more  recent  origin;  instead  of  being  the  older,  as 
supposed  by  Sir  William  Herschel  {Phil.  Trans,  for  1789,  pp.  324  and  225);  and 
if  a  continued  dispersion  is  even  yet  in  progress,  the  permitted  collisions  regarded 

'  This  assuredly  must  hare  been  overloolieft,  or  else — tliongh  iioticed — have  been  forf;otten;  or 
we  wonid  not  find  among  the  Proceedings  ofiJie  Royal  Astronomical  Society  (Dee.  1869),  "A  JVew 
Theory  of  the  Milky  Way,  by  R.  A  Proctor,  B,  A.;"  wliich  deserlhes  and  figares  tlie  Milky  Way  as 
being  a  spiraJ— I  hough  not,  indeed,  with  four  branches'. 
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by  Sir  John  Herschel  \^OutUnes  of  Astronomy  (872)]  as  quite  supposable  as  conse- 
quences of  the  clustering  power,  will  be  the  more  frequently  avoided;  and  stars, 
which,  like  our  sun,  may  have  planets  in  their  keeping,  will  bear  their  attendants 
away  beyond  the  reach  of  harm. 

In  view,  then,  of  even  the  little  that  has  yet  been  ascertained,  may  we  not  in 
all  humility  ask  whether  this  was  not  indeed  the  v)ay  in  which  the  Supreme  Dis- 
poser of  both  great  and  small  events  executed  his  vast  purposes;  the  changes 
being,  alternately,  destructive  and  conservative. 

For  the  growing  leaf  is  fed  by  the  exhalations  which  it  finds  in  the  atmosphere ; 
and  the  leaf,  in  its  decay,  nourishes  the  vegetating  tree ;  the  roots  of  that  tree  are 
embedded  in  the  dSbris  of  a  comparatively  ancient  earth ;  the  earth  itself,  in  view 
of  the  nebular  hypothesis  (of  Laplace),  has  been  detached  from  the  sun;  and  the 
sun  and  other  stars  would  now  seem  to  be  but  the  comparatively  small  fragments 
or  drops  of  greater  masses:  the  one  great  plan  pervading  the  whole,  being,  by 
MEANS  OF  A  PERMITTED  DESTRUCTION,  TO  PROVIDE  FOR  A  MORE  FERTECT  ADAPTATION  AND 
DEVELOPMENT. 


Note  (B). 

0/  the  Nebular  Hypothesis  of  Sir  W%llia'm  fferschel. 

On  this  subject,  Sir  John  Herschel  says  in  his  Outlines  of  Astronomy,  (871):  — 
"  The  first  impression  which  Halley,  and  other  early  discoverers  of  nebulous  objects 
received  from  their  peculiar  aspect,  so  difierent  from  the  keen,  concentrated  light 
of  mere  stars,  was  that  of  a  phosphorescent  vapoar  like  the  matter  of  a  comet's  tail, 
or  a  gaseous  and  (so  to  speak)  elementary  form  of  luminous  sidereal  matter. 
Admitting  the  existence  of  such  a  medium,  dispersed  in  some  cases  irregularly 
through  vast  regions  in  space,  in  others  confined  to  narrower  and  more  definite 
limits,  Sir  W.  Herschel  was  led  to  speculate  on  its  gradual  subsidence  and  con- 
densation by  the  effect  of  its  own  gravity,  into  more  or  less  regular  spherical,  or 
spheroidal  forms,  denser  (as  they  must  in  that  case  be)  towards  the  center. 
Assuming  that  in  the  progress  of  this  subsidence,  local  centers  of  condensation, 
subordinate  to  the  general  tendency,  would  not  be  wanting,  he  conceived  that  in 
this  way  solid  nuclei  might  arise,  whose  local  gi-avitation  still  further  condensing, 
and  so  absorbing  the  nebulous  matter,  each  in  its  immediate  neighborhood,  might 
ultimately  become  stars,  and  the  whole  nebula  finally  take  on  the  state  of  a  cluster 
of  stars.  Among  the  multitude  of  nebulse  revealed  by  his  telescopes,  every  stage 
of  this  process  might  be.  considered  as  displayed  to  our  eyes,  and  in  every  modifica- 
tion of  form  to  which  the  general  principle  might  be  conceived  to  apply.  The 
more  or  less  advanced  state  of  a  nebula  towards  its  segregation  into  discrete  stars, 
and  of  these  stars  th-emselves  towards  a  denser  state  of  aggregation  round  a  central 
nucleus,  would  thus  be,  in  some  sort,  an  indication  of  age.  Neither  is  there  any 
variety  of  aspect  which  nebulas  ofi'er,  which  stands  at  all  in  contradiction  to  this 
view.     Even  though  we  should  feel  ourselves  compelled  to  reject  the  idea  of  a 
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gaseous  or  vaporous  'nebulous  matter,'  it  loses  little  or  none  of  its  force."  [The 
spectroscope  indicates  that  that  need  not  always  be.]  "  Subsidence,  and  the  central 
aggregation  consequent  on  subsidence,  may  go  on  quite  as  well  among  a  multitude 
of  discrete  bodies  under  the  influence  of  mutual  attraction,  and  feeble  or  partially 
opposing  projectile  motions,  as  among  the  particles  of  a  gaseous  fluid." 

"  (873)  The  '  nehular  hypothesis,'  as  it  has  been  termed,  and  the  theory  of  sidereal 
aggregation  stand,  in  fact,  quite  independent  of  each  other,  the  one  as  a  physical 
conception  of  processes  which  may  yet,  for  aught  we  know,  have  formed  pai-t  of 
that  mysterious  chain  of  causes  and  effects  antecedent  to  the  existence  of  separate 
self-luminous  solid  bodies ;  the  other  as  an  application  of  dynamical  principles  to 
cases  of  a  very  complicated  nature  no  doubt,  but  in  which  the  possibility  or  impos- 
sibility, at  least,  of  certain  general  results  may  be  determined  on  perfectly  legiti- 
mate principles." 

"Among  a  crowd  of  solid  bodies  of  whatever  size,  animated  by  independent  and 
partially  opposing  influences,  motions  opposite  to  each  other  irmst  produce  colli- 
sion, destruction  of  velocity,  and  subsidence  or  near  approach  towards  the  center 
of  preponderant  attraction;  while  those  which  conspire  or  remain  outstanding 
after  such  conflicts,  raust  ultimately  give  rise  to  circulation  of  a  permanent 
character.  Whatever  we  may  think  of  such  collisions  as  events,  there  is  nothing 
in  this  conception  contrary  to  sound  mechanical  principles." 

"Ages  which  to  us  may  well  appear  indefinite  may  easily  be  conceived  to 
pass  without  a  single  instance  of  collision,  in  the  nature  of  a  catastrophe.  Such 
may  have  gradually  become  rarer  as  the  system  has  emerged  from  what  must  be 
considered  its  chaotic  state,  till  at  length,  in  the  fulness  of  time,  and,  under  the 
pre-arranging  guidance  of  that  design  which  pervades  universal  nature,  each  indi- 
vidual may  have  taken  up  such  a  course  as  to  annul  the  possibility  of  further 
destructive  interference." 

To  which  we  may  add,  that  it  is  well  understood,  that,  with  respect  to  all  this. 
Sir  J.  Herschel  has  but  fully  and  clearly  expressed  the  very  thoughts  and  feelings 
of  his  distinguished  father. 

[The  supposed  "aggregation,"  in  view  of  what  is  stated  in  Note  (A),  must  be 
regarded  as  being  a  wider  segregation,  by  the  continuance  of  an  even  now  pro- 
gressive dispersion.'] 

In  so  far  as  the  nehular  hypothesis  here  under  consideration,  has,  at  least,  the 
character  of  an  ingenious  conjecture  in  the  form  of  a  generalization,  it  would  seem 
to  relate  to  a  more  ancient  state  of  things  than  that  contemplated  in  our  Note  (A) ; 
being  indicative'  of  the  way  in  which  the  rotating  spheroids  there  described  might 
themselves  have  been  formed. 

The  existing  phenomena  seem  to  require  the  spheroids  to  have  preceded  the 
present  state  of  things ;  but  there  is  very  little  to  indicate  what  must  have  been 
the  state  of  the  material  composing  the  spheroids  before  they  acquired  their  form. 

The  revelations  by  the  spectroscope  of  a  similarity  of  molecular  constitution  in 
so  very  many  instances  are  not  indeed  inconsistent  with  the  supposition  of  a  common 
origin  ;  yet  they  do  not  reqwire  that. 

The  statement  of  Sir  J.  Herschel,  already  quoted,  speaks  of  the  "chain  of  causes 
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and  effects"  here  in  question  as  being  antecedent  to  the  existence  of  self-luminous 
solid  bodies. 

Being  thus  antecedent,  the  traces  of  the  phenomena  which  have  required  the 
admission  of  such  causes  and  effects  have,  it  would  seem,  been  so  far  obliterated, 
in  the  course  of  the  changes  which  have  since  taken  place,  that  the  nebular  hypo- 
thesis here  in  question  cannot  now  be  proved;  and  yet  enough  has  even  here  been 
stated,  to  show  that  it  cannot  be  disproved. 
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PBEFACE. 


The  present  memoir  may  be  considered  as,  in  part,  an  extension  and  generaliza- 
tion of  two  former  papers  by  the  author :  the  first  being  TMorie  des  pertttrbations  de 
la  Lime  qui  sont  diies  h  V action  des  PlanStes,  published  in  lAouville's  Journal,  tome 
xvi.,  1871;  and  the  second,  Sur  un  TMor^mede  Micanique  GSlests,  published  in  the 
Gomptes  Bendus,  tome  Ixxv.  Notwithstanding  its  extent,  the  author  is  conscious, 
in  his  treatment  of  the  subject,  of  several  gaps,  which  may  detract  from,  entire  rigor. 
He  believes  that  some  of  these  are  of  such  a  nature  that  the  reader  can  readily 
fill  them,  while  the  remainder  would  have  led  into  long  digressions,  and  thus 
caused  great  delay  in  the  publication  of  the  paper.  To  the  former  class  belong 
(1)  the  analogy  between  the  expressions  for  the  rectangular  co-ordinates  x  and 
9/,  which  differ  only  in  that  the  latter  is  composed  of  products  of  sines,  while  the 
former  is  composed  of  similar  products  of  cosines ;  and  (2)  the  omission  of  all 
considerations  of  the  modifications  growing  out  of  the  fact  that  in  equation  (1) 
one  value  of  h  vanishes.  To  the  latter  class  belong  the  omission  of  all  considera- 
tions respecting  the  convergence  of  the  series  encountered,  respecting  terms  of 
long  period,  and  respecting  the  occurrence  of  relations  among  the  arguments, 
such  as  that  known  to  subsist  between  the  mean  motions  of  three  of  the  satellites 
of  Jupiter.  These  subjects  will  naturally  come  up  for  consideration  when  the 
process  of  actually  integrating  the  differential  equations  of  planetary  motion  in 
the  most  general  way  is  undertaken.  No  method  for  the  actual  execution  of  this 
integration  is  given  at  present,  partly  because  the  paper  may  be  considered  com- 
plete without  it,  partly  because  the  author  has  not  succeeded  in  working  out  any 
method  satisfactory  to  himself.  It  is  true  that  a  large  part  of  the  paper  is  devoted 
to  reviewing  the  general  forms  met  with  in  a  certain  integrating  process,  but  the 
actual  execution  of  this  process,  even  for  a  single  approximation,  may  be  consid- 
ered impracticable  on  account  of  the  enormous  labor  involved  in  it.  It  is  shown, 
by  a  bird's  eye  view,  that  a  certain  object  is,  in  the  nature  of  things,  attainable ; 
but  a  practicable  way  of  actually  reaching  it  is  yet  to  be  pointed  out.  It  would  be 
extremely  agreeable  to  the  author  to  learn  that  abler  hands  than  his  were  success- 
fully working  to  effect  the  actual  solution  of  this  noble  problem  in  its  most  general 
form. 
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GENERAL  IBTEGKALS  OP  PLANETARY  MOTION. 


5  1.  Introduction. 


If  we  examine  what  has  been  done  by  geometers  towards  developmg  the  co- 
ordinates of  the  planets  in  terms  of  the  time,  we  shall  see  that  the  most  general 
expressions  yet  found  are  those  for  the  development  of  the  secular  variations  of 
tiie  elements  in  a  periodic  form.  It  is  well  known  that  if  we  neglect  quantities 
of  the  third  order  with  respect  to  the  eccentricities  and  inclinations,  the  integra- 
tion of  the  equations  which  give  the  secular  variations  of  those  elements,  and  of 
the  longitudes  of  the  perihelia  and  of  the  nodes,  leads  to  the  conclusion  that  the 
general  expressions  of  those  elements  in  terms  of  the  time  are  of  the  form 

e  sin  7t  =  if  Ni  sin  {g^.  -\-  /3i) 

e  cos  Tt  =  I,  Ni  cos  {git  +  /?j)  (1) 

^  sin  0  =  2f  Mi  sin  (/*(«  -j-  y^ 

^  cos  0  ^  2j  Mi  COS  (h^t  -\-  yi) 

n  being  the  number  of  planets,  Nf,  Mi,  gi,  and  h^  being  functions  of  the  eccentrici- 
ties at  a  given  epoch  and  of  the  mean  distances,  while  (Si  and  yt  are  angles  depend- 
ing also  on  the  positions  of  the  perihelia  and  nodes  at  a  given  epoch.  It  is  to  be 
remarked  that  one  of  the  values  of  7tj  is  zero,  the  corresponding  quantities  M  and  y 
depending  on  the  position  of  the  plane  of  reference. 

The  numerical  values  of  these  constants  for  the  solar  system  have  been  found  by 
several  geometers.  The  latest  and  most  complete  determinations  are  those  of 
Le  Verrier  and  of  Stockwell/ 

When  we  consider  the  terms  commonly  called  periodic,  that  is,  those  which 
depend  on  the  mean  longitudes  of  the  planets,  we  shall  find  that  their  determina- 
tion depends  on  the  integration  of  differentials  of  the  form 


where  we  put 

m'  the  mass  of  the  disturbing  planet. 


'  Smithsoniau  Contributions  to  Knowledge,  No.  232.      Vol.  XYIII. 
October,  1874.  \ 
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h  a  function  of  the  eccentricities,  inclinations,  and  mean  distances  of  the  two 

planets,  developable  in  powers  of  the  two  former  quantities. 
I,  I  the  mean  longitudes  of  the  planets. 
7t,  Tt'  the  longitudes  of  their  perihelia, 
0,  &  the  longitudes  of  their  nodes. 
i,  j,  h,  numerical  integer  coefficients, 
and  in  which  -i  -\-i  +/  -\-j  -^14  -\-'k^=^^. 

The  coefficient  Ti  is  of  the  form 

^eJeS'^Y*'  (1  +  A&^-\-  M'^  +  etc.), 
while  the  circular  function  of  which  it  is  a  coefficient  may  be  put  in  the  form 


As  these  equations  have  hitherto  been  integrated  the  different  elements  are 
developed  in  powers  of  the  time,  and  we  are  thus  led  to  expressions  of  the  form 

(A\M  +  A-(J^....-)  ™'  («■  +  U). 

But  it  is  clear,  that  we  shall  get  more  general  expressions  if,  instead  of  using 
developments  in  powers  of  the  time,  we  substitute  the  general  values  of  the  ele- 
ments given  by  equations  (1).  The  substitution  will  be  most  readily  made  by 
reducing  the  circular  to  exponential  functions.     Putting  in  (1)  for  brevity 

and 

A  =  f  ^v^-i 

the  equations  (1)  may  be  put  in  the  form 

en     ^  Sii^Ai 

In  the  preceding  differential  to  be  integrated  the  coefficient  of  {i!l'  -|-  U).  is  of 
the  form 

(I  +  A^c^  +  Ae-^  +  etc.)  A^  d^'  ^^  ^'^  ^^?^^  (jn  -j-j't,!  +  7^9  +  7r'0'). 

If  in  the  last  factor  we  substitute  the  preceding  exponentials  for  the  circular 
fiinctionSj  its  product  bv  ^S^'^^^'^  in  the  case  of  a  cosine  reduces  to  half  of  the  sum 

(«ny  («w)'  im-  mr  +  Q'  (gH)'  (|)". 

Substituting  the  values  of  these  expressions  in  terms  of  the  exponentials  just 
given,  developing  by  the  polynomial  theorem,  and  then  substituting  for  the  expo- 
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nentials  their  expressions  in  circular  functions,  we  find  that  this  sum  reduces  to 
a  series  of  terms,  each  of  the  form 

in  each  of  which  we  have 

k+h+-   ■   ■+j.  =  k  +  U. 
The  expressions  Ait^  -f-  Jjc'^  -|-  etc.,  comprising  products    and   powers  of  the 
squares  of  e,  e",  ^  and  f'  by  constant  coefficients  by  the  substitutions  of  the  values 
(1)  reduce  themselves  to  a  series  of  terms  of  the  form 

Acos.(.-A+iA+  .  .  .  +  4^  +  .  .  .j\x^^j,x,-{- .  .  .  +yx), 

in  which 

h  +  i,+  -  ■  ■+3\+3.+  -  ■  ■=«■ 
By  these  operations  and  by  corresponding  ones  in  the  case  of  sines  the  expres- 
sions to  be  integrated  finally  reduce  themselves  to  the  form 

"'-*'  co"  ("  +  ''  +  ''^  +  ''*  +  •  ■  ■  ■+-'''^''  +  •  •  ■  +i-^'-^' 

in  each  of  which  the  sum  of  the  integral  coefficients  of  the  variable  angles  van- 
ishes, while  A'  is  a  function  of  the  mean  distances  and  of  the  2n  quantities  N'^  and 
Mi.  By  integration  this  expression  will  remain  of  the  same  form,  so  that  we  may 
regard  it  as  a  general  form  for  the  perturbation  due  to  the  mutual  action  of  two 
planets,  the  elements  of  each  being  corrected  for  secular  variations.  If  we  con- 
sider the  action  of  all  the  planets  in  succession,  we  shall  introduce  no  new  variable 
angles  except  their  mean  longitudes,  which  will  make  n  mean  longitudes  in  all. 
We  shall  therefore  have,  at  the  utmost,  not  more  than  3«-  variable  angles. 

We  may  thus  conclude  inductively  that  by  the  ordinary  methods  of  approxima- 
tion, the  co-ordinates  of  each  of  Sn  planets,  moving  around  the  sun  in  nearly  cir- 
cular orbits,  and  subjected  to  their  mutual  attractions,  may  be  expressed  by  an  infi- 
nite series  of  terms  each  of  the  form 

*  S  ft^  +  «=+■■■  +  «3.V)  (2) 

ij,  4  ■  ■  •  *3«  being  integer  coeflicients,  different  in  each  term ;  <li,  ?^  .  .  ,  \„  being 
each  of  the  form 

h  +  f>ii 
li,  l^  .  .  .  Isn  being  3^  arbitrary  constants,  and  bj,  h^ .  .  .  h^Jc^  being  functions  of  Zn 
other  arbitrary  constants. 

We  shall  further  assume  that  the  inclination  of  the  orbit  of  each  planet  to  the 
plane  of  xy  i%  so  small  that  the  co-ordinates  may  be  developed  in  a  convergent 
series,  arranged  according  to  the  powers  of  this  inclination,  while  it  may  be  shown 
that  the  general  expressions  for  the  rectangular  co-ordinates  will  be  of  the  form 

a:=  Sh  cos  ( i-^X^  +  iaXa  +  .  .  .  +  4„Pl3„) 

y^Sh  sin  ( i>i  -j-  i^^^  -j-  .  .  .  -j-  i^^x^},  (3) 

z  =  Sc  .sin  (^A  +h\  +  ■  •  •  +y3.^3.) 
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The  letter  S  being  used  to  express  the  sum  of  an  infinite  series  of  similar  terms ; 
7c,  i,  and  j  having  the  signification  just  expressed,  and  each  system  of  values  of  the 
integers  *  and^  being  subjected  to  the  condition 

h  +  h  +  i.+ +%.=  !  ,„, 

i\+i.+h+.  ■  ■  ■+j,.=o       ■;•'' 

It  is  evident  that  when  x,  y,  and  s  are  expressed  in  this  form,  any  entire  func- 
tion of  these  quantities  will  reduce  itself  to  the  same  form. 

■We  shall  now  proceed  to  show  that  the  form  (3)  is  a  general  one :  that  is  to  say, 
that  having  an  approximate  solution  of  this  form,  if  we  make  further  approxima- 
tions, developed  in  powers  of  the  errors  of  this  first  solution,  every  approximation 
can  be  expressed  in  the  form  (3). 

We  can  make  no  general  determination  of  the  limits  within  which  these  approxi- 
mations will  be  convergent,  we  are  therefore  obliged  to  assume  their  convergency. 

§  2.    Canonical  Transformation  of  the  Equations  of  Motion. 
If  we  put 

i>,  the  potential  of  the  n  -\-  1  bodies,  that  is,  the  sum  of  the  products  of  every 
pair  of  masses    divided  by  their  mutual  distance,  the  differential  equations  of 
motion  will  be  3(«  -|-  1}  in  number,  each  of  the  form 
d?Xi  _  dO. 
*  dt^        dxt' 
If  we  substitute  for  the  co-ordinates  themselves  their  products  by  the  square 
roots  of  their  masses,  putting 

Sj  =  mi/Ti;  T^  =  m|7/j,  etc., 
the  differential  equations  will  assume  the  canonical  form 

dt^~^~dXi'  *-^ 

We  suppose  the  index  %  to  assume  for  each  of  the  three  ccM>rdinates  all  values 
from  0  to  7i,  the  value  0  referring  to  the  sun,  and  we  thus  have  Zin  -f-  1)  equations 
of  the  form  (4)  the  integration  of  which  will  give  the  co-ordinates  in  terms  of  the 
time,  and  6(«  -|-  1)  arbitrary  constants. 

We  shall  now  diminish  the  number  of  variables  to  be  determined  in  the  follow- 
ing general  manner:  Suppose  that  we  have  m  differential  equations  of  the  first 
order,  between  m  variables  and  the  time  t,  each  being  of  the  form 

dT-^'- 

Suppose  also  that  we  have  found  h  integrals  of  these  equations,  each  of  the  form 

f{Xi,x^,  ....  x^,t)  ^^  constant, 

■  Let  us  assume  at  pleasure  m — k  otlier  independent  functions  of  the  variables, 
each  of  the  form 
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so  thcit  the  m  variables  ic  can  be  expressed  as  a  function  of  k  arbitrary  constants, 
the  time  t,  and  the  m — 7c  variables 

f„f>,  ■  • .  ■  f^.- 

DiiFerentiating  the  above  expression  for  |(,  and  substituting  for  -jt  its  value  X, 
we  shall  have 

^6  _  ^^i     I    jr  ^'Pi     I    ^^1    I _LX  ^ 

By  substituting  for  the  ^'s  in  the  right  hand  side  of  this  equation  their  expres- 
sions in  terms  of  ^j,  .  .  .  .  ^„^it,  t,  and  the  arbitrary  constants,  we  shall  have  the 
problem  reduced  to  the  integration  of  rn — /s  equations  between  that  number  of 
variables. 

In  the  special  problem  now  under  consideration,  the  m  variables  are  the  co- 
ordinates X,  y,  z,  and  their  first  derivatives  with  respect  to  the  time.  The  integrals 
by  which  we  shall  seek  to  reduce  the  number  of  the  variables  are  those  of  the  con- 
servation of  the  centre  of  gravity.  We  shall  take  for  g„  ^^j  etc.,  linear  functions 
of  Xi,  x^,  etc.,  so  chosen  that  the  reduced  equations  shall  maintain  the  canonical 
form.     Let  us  take  the  n  -\~  1  linear  functions  of  the  co-ordinates  x: — 

§„  —  a  +  6i  =  ttooico  +  «oi'^  + +  "o^i^B 

^1  =  ttioa^u  -f  an3:i  + +  ai„x„  (5) 

L  =  a«^o  +  "bi^i  + +  <»»ni^w 

where  we  have  put  for  symmetry 

Wi  =  caoi,  or  Gof  —  -  -i  {^) 

c  being  an  arbitrary  coefficient,  while  the  other  coefficients  are  to  be  chosen,  so 
that  the  resulting  differential  equations  shall  be  of  the  canonical  form.  Let  us 
represent  the  values  of  x  which  we  obtain  from  these  equations  by 

«,  =  /3..e.  +  i3„f,  +  ft.f ,  + +  P,£,.  0) 

Differentiating  any  one  of  the  preceding  expressions  for  ^,  and  substituting  for 

^Tg-  its  value,  we  h^ve 

df  ""mo  dxo  ~^ m-i  dx,  ~^ ~^ m^  dx„' 

If  we  suppose  x^,  Xi,  etc.,  replaced  by  their  expressions  in  ^p,  ^i,  etc.,  obtained 
by  solving  the  equations  (5),  that  is,  by  their  values  in  (7),  we  shall  have 

da  _     da  ,      sa  .    ■        ,      da 

Substituting  these  values  in  the  preceding  equation,  it  becomes 
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df  ~\  m^    '^    mi     "^    ma    ^ "'"    m„  )_  d^^ 

"*"  I  mo     ^    OTi    "•"    m^    ^~ ~^    in^  I  d^i 


"'"  *■   mo  nil  Wa  w„   /   5|„  * 

Tn  order  that  thia  equation  may  reduce  to  the  canoiiical  form 

df  ~  d^i' 
it  is  necessary  and  sufficient  that  the  expressions 

mo    "*"   mi    ^    m^    "^ "*"    m„ 

should  vanish  whenever  i  is  different  from  y,  and  should  reduce  to  unity  whenever 
i^.  In  other  words,  it  is  necessary  and  sufficient  that  the  coefficients  a  should 
be  so  chosen  that  the  (n  '-f- 1)^  quantities 

■j/mo'    ym^ y^m„ 

"j/'^'o '    i/mi  "i/m„' 

should  form  an  orthogonal  system.  The  first  line  of  coefficients  is  already  deter- 
mined by  the  equation  (6),  the  coefficient  e  excepted,  which  is  to  he  determined 
by  the  condition 

wio        m^'  »"n. 

or,  from  (6) 

mQ  -^  Wi  -f-  .  .  .  .  -|-  m„  =  d', 
which  gives 

putting  m  for  the  sum  of  the  masses  of  the  entire  system  of  bodies.     Having  thug 
mj 

the  orthogonal  system  (8)  becomes 

-j/'mo      -j/m,  ■(/"'n 

-|/m  '     |/m  ' -j/m 

ttin  ttii  tt,„ 

l/wifl'     |/w*i' "v/"*n 

ttnO  Ctjil  tt„„ 
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The  number  of  coefficients  to  be  determined  is  now  n(n  -\-  1).     The  total  nuniT 

ber  of  conditions  which  the  system  must  satisfy  is  - — — — ^ — ^!^ — -,  but  one  of  these 

being  abready  satisfied  by  the  quantities  in  the  first  hne,  there  remain  only  — pre- 
conditions to  be  satisfied  by  n(n  -^  1)  quantities,  we  have  therefore 

quantities  which  may  be  chosen  at  pleasure. 

The  general  theory  of  the  substitution  which  we  have  been  considering,  and  the 
Various  modes  in  which  the  orthogonal  system  just  found  may  be  formed,  have  been 
developed  very  fully  by  Eadau  in  a  paper  in  Annates  de  VEcdle  Normals  SupSrieure, 
Tome  V.  (1868).^  We  shall,  therefore,  at  present  confine  ourselves  to  a  brief  indi- 
cation of  the  special  form  of  the  substitution  which  has  been  found  useful  in 
Celestial  Mechanics.     We  first  remark  that  if  we  form  the  (n  ~\-  1)  equations 

by  giving  i  in  succession  all  values  from  0  to  n,  we  shall  have  by  the  theory  of 
orthogonal  substitutions  the  (it  -\-  1)  equations 

If  we  suppose  in  the  first  equations 

we  shall  have  from  (5) 

!/.  =  f« 
whence,  by  substituting  these  values  of  s^  and  y^  in  the  second  equation,  we  shall 
have  for  the  expression  of  a'j  in  terms  of  ^g,  ^1,  etc.  to  replace  equation  (7) 

I,  =    1-  c.  +««{,+  ??!  f,  +  eto.  (9) 

The  first  terra  of  this  expression  is  common  to  all  the  values  of  a-;,  representing, 
as  it  does,  the  co-ordinates  of  the  centre  of  gravity  of  the  system.  It  may,  there- 
fore, be  omitted  entirely,  when  we  seek  only  the  relative  co-ordinates  of  the  vari- 
ous bodies,  and,  in  any  case,  it  will  disappear  from  the  differential  equations  of 
motion. 

The  most  simple  way  of  forming  the  coefficients  a^^  is  to  suppose  —  -  -„ —    of  them 

equal  to  zero.     Let  us  first  suppose  a^;  =  0  whenever  j  >  i,  the  first  line,  in  which 
i  =  0,  being,  of  course,  excepted. 

The  orthogonal  system  will  then  be  of  the  form 

'  Sur  uno  Transformation  des  Equations  Diirereiitiellcs  de  la  Dynamique. 
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(10) 


"[/"'o'      "l/^"i'      V'^'i 

"l/*"o'     l/*"!'     l/wia'        •  ■  •  •  -^/mj 
Then  a„„  will  be  determined  by  the  condition 

oL     ™,^ 

'm„  '  m 

while  all  the  other  coefficients  in  the  bottom  line  will  be  determined  by  the  condi- 
tion 

«■!>£  Ctnn  '\/m   VI 

Taking  the  line  next  tlie  bottom  the  diagonal  coofflcient  will  be  determined  by  the 
equation 

•m^-x  m 

while  the  remaining  coefficients  of  the  form  a^,,,  will  be  given  by  the  equations 

The  general  values  of  the  coefficients  to  which  we  are  thus  led  may  be  expressed 
in  the  following  way;  put 

^i  —  m„  -|-  «?!  4-  .  .  .  .  m^, 
by  which  m  will  become  ^„.     Also,  suppose 

__      i/nij 
We  shall  then  have 

a«  —  — - — - 

%  =  —  Vjmi.  .  .  .  (i<:j). 

It  is  easy  to  prove  that  the  coefficients  thus  formed  fulfil  the  required  conditions. 

If  we  substitute  these  values  of  the  coefficients  in  the  expressions  for  g^  and  f^, 
they  become 

y  _     Vmami    , 
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We  see  that,  supposing  x^,  to  represent  the  co-ordinates  of  the  sun  or  other  cen- 
tral body,  ^1  is  equal  to  the  co-ordinate  of  the  first  planet,  which  may  he  any  one  at 
pleasure,  relatively  to  the  sun,  multiplied  by  a  function  of  the  masses,  while  ^2  is 
equal  to  the  co-ordinate  of  the  second  planet  relatively  to  the  centre  of  gravity  of 
the  sun  and  first  planet  multiplied  by  another  function  of  the  masses,  and  so  on. 
These  functions  ^t,  when  divided  by  the  functions  of  the  masses  just  alluded  to,  will 
differ  from  the  co-ordinates  of  the  several  planets  relatively  to  the  sun  only  by 
quantities  of  the  order  of  magnitude  of  the  masses  of  the  planets  divided  by  that 
of  the  sun. 

In  what  precedes  we  have  considered  only  the  co-ordinates  x^.  Of  course  the 
other  co-ordinates  are  to  be  subjected  to  the  same  transformation.  If  we  represent 
by  >7  and  f  the  corresponding  functions  of  y  and  z,  and  if  in  the  expressions  for  ^,  oj, 
and  if  we  substitute  for  x,  y,  and  s^  the  expressions  (3),  those  quantities  will  them- 
selves reduce  to  expressions  of  this  same  form. 

§  3.  Approximation  to  the  Required  Solutions  hy  the  Variations  of  the  Arbitrary 

Constants  in  a  First  Approximate  Solution. 
By  the  transformation  in  question  we  have  for  the  determination  of  the  relative 
motion  of  the  n-\-\  bodies,  Zn  differential  equations,  of  the  canonical  form 

df '~  d^i '         df  ~  dm '         df~d^i'  ^     ^ 

Let  Us  now  suppose  that  we  have  found  approximate  solutions  of  these  equa- 
tions in  the  form  (3),  the  quantities  x,  ?/,  z  being  there  replaced  by  ^;,  jjj,  and  ^f, 
that  is,  solutions  which  possess  the  property  that,  if,  on  the  one  hand,  each  expres- 
sion is  twice  differentiated,  and  if,  on  the  other  hand,  the  values  (3)  are  substi- 
tuted in  the  second  members  of  (II),  the  two  expressions  shall  differ  only  by  terms 
multiphed  hy  small  numerical  coefficients.  We  have  to  show  that  when  we  make 
a  further  approximation  to  quantities  of  the  first  order  relative  to  these  coefficients, 
the  solution  will  still  admit  of  being  expressed  in  the  form  (3).  To  do  this  we 
shall  make  the  further  approximation  by  the  method  of  the  variation  of  arbitrary 
constants,  remarking,  however,  that  the  usual  formulas  of  this  method  cannot  he 
applied,  because  they  presuppose  that  the  first  approximation  is  a  rigorous  solution 
of  an  approximate  dynamical  problem,  while,  in  the  present  case,  we  are  not  enti- 
tled to  assume  that  our  approximate  solution  (3)  possesses  this  quality;  in  other 
■words,  we  are  not  entitled  to  assume  that  any  function  ilo  of  the  quantities  ^,  tj,  and 
^,  can  be  formed,  such  that  we  shall  find  the  Zn  equations  of  the  form 

^_da^ 

df  ~^  6^ 
rigorously  and   identically  satisfied  by  the    qipproximate  expressions,  both  with 
respect  to  the  time,  and  the  6n  constants  which  the  solution  contains.     Conse- 
quently, we  cannot  assume  the  existence  of  a  perturbative  function,  and  must 
employ  other  expressions  in  place  of  the  derivatives  of  that  function. 
We  set  out,  then,  with  the  three  sets  of  equations,  having  n  in  each  set 

2      November,  1874. 
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^i  =  Ski  cos  (iiXi  +  iaXa  + +  %„^3«) 

y,^  =  Ski  sin  (*Ai  -i-  *2^2  + -i-  isr^^n)  (12) 

^,  =  ^^,  sin  {yi;i,  +y,x,  + +i.„3-3«), 

in  which  all  the  quantities  are  supposed  to  be  given  in  terms  of  6ft  arbitrary  con- 
stants and  the  time,  each  X  being  of  the  form 

/j  being  an  arbitrary  constant,  which  each  l,  A,  and  K  is  given  as  a  function  of  3» 
other  arbitrary  constants,  which  we  may  represent  in  the  most  general  way  by 

tti,  £%, dan- 

So  long  as  no  distinction  between  a  and  I  is  necessaiy,  we  may  represent  the 
entire  Qn  arbitrary  constants  by 

ai,  Oa, (igB, 

Let  us  now  take  the  complete  second  derivatives  of  (12)  with  respect  to  the  time, 
supposing  all  6ji  constants,  variable.  We  shall  suppose  the  variable  constants  to 
fulfil  Lagrange's  conditions,  now  3n  in  number:  — 

.-^»P*.,^  'S"^"|!=0;        '2"|&§=0,      (13) 

^  =  1  aa^  at  j=\  aaj  at  j  =  i  ottj  at 


which  will  give 


^^i        Ski        r'      , 


From  the  second  derivatives,  combined  with  the  differential  equations  (11),  we 
shall  have  3™  equations  of  the  form 

j=i  da^  ~dt   ~  dii        ^W 
which  it  is  required  to  satisfy.     The  expression  in  the  right-hand  member  of  this 
equation  corresponds  to  -^  m  the  usual  theory,  when  B,  is  the  perturbative  function. 

Let  us  multiply  this  equation  by  t-^,  and  add  up  the  3n  equations  which  we  may 

form  in  this  way  by  substituting  for  |i  all  the  values  of  ^,  >j,  and  ^  in  succession. 
We  may  thus  obtain 

'F  ^^£  d^ej^da^^^do.^  'I?  6%  e^ 

i^i  !  =  i  da^da^  dt  ~da^  i=i  df  da^' 
the  sign  2'  indicating  that  all  values  of  jj  and  ^  as  well  as  of  f  are  to  be  included. 
The  right-hand  member  of  this  equation  corresponds  to  ^  in  the  usual  theory. 
Let  us  now  multiply  the  equations  (13),  the  first  by  ^,  the  second  by  ^,  and  the 
third  by  _=i ,  and  add  together  the  3w  equations  which  may  be  thus  formed  by  giving 
*  all  its  values.     If  we  subtract  their  sum  from  the  last  equation,  putting 
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(a.,a,)=*r  {|li«l!_«A«),  (14) 

we  shall  have 

the  sign  S'  including,  as  before,  not  only  all  values  of  i  from  1  to  «.,  but  the  cov- 
rcsponding  terms  in  n  and  if. 

By  giving  k  all  values  in  succession  from  1  to  6n,  we  shall  have  a  system  of  Gn 
differential  equations,  the  integration  of  which  will  give  the  values  of  the  Gn 
quantities 

«!,  aa, a^„ 

in  terms  of  the  time. 

By  the  fundamental  assumption  with  which  we  set  out,  the  expressions  for  ^, 
»j,  and  tf  are  such  that  the  right  hand  members  of  these  equations  are  small  quanti- 
ties of  which  we  neglect  the  powers  and  products.  We  may,  therefore,  after  solv- 
ing these  equations  so  as  to  get  the  derivatives  in  the  form 

dai  f ,  ,-, 

--'  ^  fiih,<H «««,0. 

dt 

integrate  by  a  simple  .quadrature,  supposing  %,  a^,  etc.,  in  the  second  members  to 

be  constant.     Moreover  we  shall  require  the  values  of  the  quantities  (a^,  a^  only 

to  the  first  degree  of  approximation,  and  within  this  limit  they  must  necessarily 

conform  to  the  well-known  law  of  Lagrange  of  being  functions  of  the  constants 

only,  and  not  containing  the  time  explicitly.     This  theorem  will  materially  assist 

us  in  their  formation. 

I  4,  Formation  of  tha  Lagrangian  Coefficients  {a^,  «(,),  and  Reduction  of  th/i 
Equations  to  a  Canonical  Form. 
Restoring  the  two  classes  of  constants  represented  by  a  and  I,  we  shall  have  three 
classes  of  the  functions  sought,  included  in  the  forms 

(%,  aj),  (Jn,  Ij)  and  (%,  Ij). 
Let  us  now  differentiate  the  equations  (12)  with  respect  to  the  time,  putting  for 
brevity 

iA+yA+ +^;a.-6' 

i,^,+i.^«  + +jM^,n^m 

we  shall  then  have,  omitting  the  index  i  of  h,  k,  and  N, 

f^  ~  —  Shk  sin  N 

Yi\^       Shh  cos  iV"  (15') 

t;,  =       Sb'k'  cos  N'. 

To  form  the  combination  (a^,  aj)  we  must  differentiate  the  equations  (19)  and  (15') 
with  respect  to  a^  and  a,„  and  substitute  the  results  in  (14).  In  forming  these 
quantities,  two  series  of  terms  represented  by  the  sign  ;S'  of  summation  are  to  be 
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multiplied  together,  which  renders  it  necessary  to  be  more  explicit  in  representing 
the  double  summation  we  thus  encounter.  Having  n  of  each  of  the  quantities  ^, 
Yi,  and  ^  distinguished  by  writing  the  various  values  of  the  index  %  which  takes  ail 
-integer  values  from  1  to  n,  the  quantities  h,  h,  and  iV  should  all  be  affected  with 
this  same  index.  But  it  is  not  necessary  to  write  it  after  N  or  b,  because  each 
N  is  common  to  all  the  g's  and  j^'s,  or  to  all  the  ^'s,  respectively.  Again,  we  have 
as  many  values  of  Nss  there  are  combinations  of  the  coefficients  i\,  i^,  ig,  etc.,  which 
enter  into  it,  while  each  iVhas  its  corresponding  coefficients  k,  i  in  number.  We 
must,  therefore,  consider  k  to  be  written 

i,ft.-'»«a «•«). 

while  b  and  iV  are  affected  with  the  same  indices,  the  first  excepted.  In  other 
words,  we  have 

b  (k,  ^■„  ig %J  =  iA  +  %*2  -f +  HAn 

JV(*i,  ^2,  4 j'an)  ^  «'i/li  -|-  iV'2  + +  'iaa'^Rn- 

Then,  in  the  sense  in  which  we  have  hitherto  used  the  sign  of  summation  iS  we 
have  symbolically 


X 


S 

'i,i=— oc 


To  avoid  the  complication  of  writing  so  many  indices  we  shall  represent  any  one 

combination,  as  (*i,  i^, i^a)  by  the  symbol  v,  and  any  other  combination  by 

^.     We  shall  also  put 


This  summation  includes  all  the  terms  in  all  the  values  of  any  one  co-ordi- 
nate, as  ^,  >7,  or  'd  respectively.  A  sign  for  a  summation  including  all  Zn  co-ordi- 
nates is  not  here  necessary,  as  k  and  iV"  are  common  to  g  and  yj,  while  the  corre- 
sponding quantities  for  ^,  being  of  a  different  form,  must  be  written  separately.  We 
have,  in  fact,  distinguished  them  by  an  accent. 

The  co-ordinates  and  their  derivatives  which  enter  into  the  expressions  (%,  m^) 
will  then  assume  the  following  form,  the  index  i  being  understood  after  k  and  k'. 


(16) 


e,  =  SJc^  COS  N^ 

jjj  =  SiJSf,  sill  N^ 

■(,  =  S^K^  sill  «'„ 

k\  =  —  S,{bk),smlT, 

>l',  =       S,  (tk),  COB  M, 

C,=       S,(6*),oos  JV, 

=  /S, 

<  -;— ^cos  iV;,  — l'^^  t  sm  N^ 

}] 

an, 
da. 

=  /S„ 

l*siniV^+A,*(cos«- 

} 

SI, 
Sa-t 

=  «„ 

} 

(IT) 
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l-M-^ -«-(«).  Il-M 


■-S,   {       ''&    COS  a;  _  (Si),    f^isiniV.    I    \  (18) 

By  changing  %  into  "j  in  the  three  equations  (17),  and  making  the  reverse  change 
in  (18),  we  have  the  complete  expressions  necessary  to  form  any  term  of  the  ex- 
pression 

We  see  at  once  that  this  expression  vi'ill  be  of  the  form 

'x^    S\,   I  ^^,.  sin  (iV;  —  iV;)  +  A't  +  A"f  \ 

Since  the  expression  is  known  to  he  independent  of  t,  we  must  have,  to  quanti- 
ties of  the  first  degree  of  approximation,  A'=^0  and  A"  =  0  by  the  condition  that 
^,  )7,.and  ^'satisfy  the  original  differential  equations,  and  the  coefficient  Aia,v  must 
vanish,  unless  we  have 

JV^  —  Nt^^  constant. 

The  coefficients  b^,  b^ h^^,  being  supposed  incommensurable,  this  can  only 

happen  when  we  have  in  (3)' 

*j^  =z  ^^^ ;      ("2^  =  4j„  etc., 
and  hence 

N,^  =:  iv;, 

when  sin  (iy„  —  iV,)  will  itself  vanish.      Hence,  (%,  a^)  containing  no  constant 
term  whatever,  we  must  have 

(%,  Gj)  =  0.  (19) 

Again,  ditferentiating  the  equations  (16),  the  first  three  with  respect  to  l,,  and 
the  last  three  with  respect  to  Ip  we  find 


= 

-s^ 

(iJ'X. 

siniSr„ 

Si, 
SI, 

= 

Sf 

{ij'^. 

cos  .V, 

sit 

= 

4. 

UJ'\ 

cos  N'^ 

se, 

Bl, 

= 

-S, 

(ijtk). 

nmN, 

Si', 

= 

-« 

(ifik), 

sin  N, 

sc, 

^7. 

;^ 

-S. 

(jfllf),  sin  iV,. 
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From  these  expressions  it  may  be  shown  that 

(4,  ^;)=0  (20)- 

in  the  same  way  that  we  found  (a^,  «j)  =  0. 

We  have  next  to  consider  the 'combinations  of  the  form  (a,.,  Ij),  for  which  the 
expression  is 

The  terms  which  do  not  contain  t  as  a  factor  are  found  to  be 

-S,S'.l  (i,ik).p-  +  (i/c),  ^fi*  I  cos  (»-,_, V;) 

-i  .%S'.  I  (j}6T),  |i^  +  UA%  4™^ '  I  <:»  (*".  -  *".)• 

S'  having  the  meaning  given  on  page  12, 

The  only  non-periodic  terms  in  this  expression  will  be  those  in  which  fi  =  v,  and 
these  terms  reduce  to 

~  I     oX     "^  ^   "  ^<     i 

or,  by  putting 

ej=S'  |ij6Jr'  +  Jj;K-"|  (21) 


we  have 


(a„lj)=-p-.  (22) 


These  expressions  are  now  lo  be  substituted  in  the  differential  equations  repre- 
sented by  (15),  which  will  then  divide  into  two  classes  according  as  the  derivative 

of  fi  is  taken  with  respect  to  l^,  l^ or  lg„  or  with  respect  to  cii,  a^ or 

((g„.     Having  regard  to  equation  (20)  we  find  those  of  the  first  class  to  be  of  the 
form 

*'"''*+«•"■'*  + +^'>'''->-i=m,-i,  s?d/ 

If,  in  the  first  member,  we  substitute  for  the  coefficients  their  values  (22),  noticing 
that 

(?,,  a^)  =  _(a^,  ?.), 

and-  in  the  second  member  put  for  brevity 

di^    ^'  1  <5?"  dij  "•"  ef  eij  '^  ee  dij  j  ~  ■*' 

the  differential  equation  reduces  to 

dcj  d'a^       dcj  da^  dCj  da.j^  __  „ 


duj    dt     'da^  dt 


|  =  a,  (23) 
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By  giving  j  all  values  in  succession  from  1  to  Z'n.  we  shall  have  Zn  equations  to 

determine  the  variations  Of  Cj,  Cj, Cs„,  from  which  the  variations  of  ai,  a^, 

a3„  are  to  be  obtained  by  the  3«  equations  (21).  But,  for  our  present  pur- 
poses, it  will  be  more  convenient  to  consider  the  c's  as  the  fundamental  elements, 

and  to  consider  a^,  a^,  .  .  .  .  .  a^^  to  be  replaced  by  c„  g^, Cg„  in  the  original 

equations. 

The  second  class  of  differential  equations  (15)  will,  by  (19),  be  represented  by 

Substituting  for  the  coefficients  in  the  first  member  their  values  (23),  we  shall 
have  Sn  equations  represented  by 

aa.  *  ''datdt  "■" en.^i.i    I  M'  ^a,  ^       '  ( 

Putting  k  successively  equal  to  1,  2 3ri,  we  shall  have  Sn  equations  of  this 

form.    Let  us  multiply  the  first  of  these  equations  by  J^,  the  second  by  '^ ,  the  ith 

by-^',  and  so  on  to  the  Snth,  and  add  all  the  products,  noticing  that  the  theory  of 
functional  determinants  gives 

S    -i--i  =  +  1  or  0 

according  as  A;  is  or  is  not  equal  to  j.     Then,  by  putting 

da      *5"  |«1«|.    ,  «!l<*7.  I  «i<*\  ^o- 

ae,     (ii  I  aeecj  '^ »  soj^ ac  ac,  \       " 

we  shall  have 


a  -— "«  (24) 


dt  --"»• 


These  3»  equations,  combined  with  the  3h  equations  (23),  will  give,  by  simple 
integration  by  quadratures,  the  perturbation  of  the  Gn  constants,  which,  being 
substituted  in  the  original  equations  (12),  will  give  values  of  the  variables  which 
satisfy  the  original  differential  equations  to  terms  one  order  higher  than  they  were 
satisfied  by  (12)  originally. 

It  will  be  observed  that  if  our  functions  of  the  time  and  6»  arbitrary  constants, 
which  we  have  represented  by  J,,  ^„  and  f„  possessed  the  property  that  a  function 
Do  of  ^,  *7,  and  ^  could  be  found  such  that  for  all  values  of  * 

a'£,_ao,^  a\,_an,^  aXi_aa, 
af^'ai,  '  ae  ~a^,  '  af  ^a^. 
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we  should  have  in  (23)  and  (24)  by  putting  R  =  £i  —  iio, 


§  5.   Fundamental  lielatioii  between  tlie  Coefficients  of  Urn  time,  h-^,  h^,  etc.,  considered 
as  Functions  of  c-^,  c^,  etc. 

In  the  preceding  section  we  have  found  ourselves  able  to  express  the  first  approxi- 
mate Vtdues  of  the  variables  in  terms  of  Sn  pairs  of  arbitrary  constants 

in  which  the  two  members  of  each  pair  are  conjugate  to  each  other;  or  possess  the 
property  that  the  expressions  (14)  all  vanish  except  when  a^  and  a,  represent  the 
two  members  of  a  conjugate  pair,  in  which  case  we  have 

{k,  c,)  =  +  1.  (25) 

The  distinguishing  characteristic  of  the  integrals  we  have  been  investigating  is  that 
they  do  not  contain  the  time,  except  as  multiplied  by  the  3n  factors  b,  which  are 
functions  of  the  Sn  constants  c.  This  characteristic  will  enable  us  to  deduce  a 
fundamental  relation  between  the  differential  coefftcients  of  b  with  respect  to  c.  In 
the  fii^st  place,  we  remark  that  each  c  has  a  6  to  which  it  stands  in  a  peculiar  rela- 
tion, in  that  the  latter,  multiplied  by  the  time,  is  added  to  the  I,  which  is  conjugate 
to  c  to  form  the  corresponding  %.  The  theorem  in  question  is  this :  each  b  being 
supposed  to  be  marked  with  the  index  of  its  corresponding  c,  we  shall  have  for  all 
values  of  i  and  J  from  1  to  Zn, 

dbi_6b^_ 

in  other  words,  the  expression 

2  hdoi 
will  be  an  exact  differential. 

It  is  quite  possible  that  this  theorem  may  admit  of  being  deduced  immediately 
from  the  preceding  theory,  but  I  have  not  succeeded  in  doing  so,  and  have  there- 
fore been  obliged  to  consider  the  problem  in  the  reverse  form.  We  have,  in  start- 
ing, supposed  ourselves  to  have  completely  expressed  the  Sn  co-ordinates  ^,  vj,  ^,  as 
functions  of  the  6n  quantities 

cti,  a^ a3„,  Xi,  ?V2 Xa„, 


and  we  have  just  shown  how  to  replace  the  first  Sn  quantities  by  the  quantities 
Ci,  e.j C3,,.     If  we  add  to  these  the  first  derivatives  of  the  co-ordinates  (16) 
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we  shall  have  6n  variables,  represented  by  ^(,  y]^,  ^j  ^'^  vj'i,  ^'i,  expressed  as  functions 
of  the  6n  quantities 

Ci,  Cj,  Ca Cs„,  Xi,  ;La,  a.3 Xs„. 

Let  us  now  suppose  these  equations  solved  with  respect  to  these  last  quantities. 
We  shall  then  have  Gn  equations  of  the  form 

c^  —  ^i-,  'Xi  —  'Pj,  whence  l^  =  'P^  —  bit,  (26) 

^  and  'P  being  functions  of  §,  jj,  ^,  etc.  The  first  and  third  of  these  expressions 
are  the  6n  first  integrals  of  the  given  equations,  or,  what  we  may  call  the  integral 
functions,  being  those  functions  of  the  co-ordinates,  and  the  time,  which  remain 
equal  to  arbitrary  constants  during  the  entire  movement. 

Let  us  now,  for  generality,  once  more  represent  the  6n  ai'hitrary  constants  by 

fll,  «i, Men, 

and  let  us  consider  the  (6n)^  quantities  of  Poisson  formed  from  the  general  ex- 
pression^ 

rSa^^  da,        da^  da. 


[a„a.]  =  S.  j_^_  _^-  — J,  (27) 


the  symbol  SV  including,  as  in  (14),  the  Bn  values  of  £,  rj,  and  '(  in  succession.    Put- 
ting the  general  expression  (14)  in  the  form 


^  "    ■'-^  '  Lda^  6aj       6a^  6aj  J' 


forming  by  multiplication  the  product  of  this  expression  by  (27),  then  putting 
V  =j',  and  forming  the  summation 

2  (a^,  aj)  («;,«;), 

noticing  also  that  the  expression 

j=i  da^dy 
is  equal  to  unity  whenever  x  and  y  represent  the  same  symbol,  and  to  zero  in  the 
opposite  case,  we  find 

an  expression  which  is  itself  equal  to  unity  when  ^  :=  i,  and  which  vanishes  in  all 
other  cases. 

Now  cs;,  aj,  and  a^  may  here  be  any  of  the  6n  arbitrary  constants.  Let  us  then 
suppose  ctj,  a^  to  represent  li  and  l^  respectively,  and  a,-  to  represent  Cj.  This  equa- 
tion will  then  become 

ih,  <h)  lU  cJ  -h  (k,  c,)  [l^,  cJ  +  (_k,  c,)  11^,  c,-]  +  etc.  =  1  or  0 

^  It  wil!  be  observed  that  the  notatioES  introduced  by  Lagrange  and  Poisson  respectiTely,  arc  hero  ^ 
reversed,  a  proceediDg  which  was  not  intentional  on  the  part  of  the  writer 
3      November,  1S74. 
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according  as  i  and  ^  represent  the  same  or  different  indices.  But  wc  have  ah-eady 
found  that  the  expression  (Z;  Cj)  vanishes  whenever  i  is  different  from  y,  and  reduces 
to  unity  when  those  indices  are  equal.  The  equations  we  are  considering  thus 
become 

ft,  «,]  =  !,  (38) 

while  all  other  comhinations  [^j,  c,-],  [If,  (,]  and  [Cj,  (i^]  vanish. 

Let  us  now  return  to  the  integral  equations  (26),  and  first  form  the  combination 

[fe  cj  =  s.  |_(^-^  -  <  ^)  ^  -  ^^  -  <  5^;^  J 

The  conditions  f28)  therefore  give 

and  (39) 

[«P„$J=1, 

the  first  equation  applying  whenever  /  is  different  from  *,  the  second  when  they  are 
the  same. 

Let  us  next  consider  the  combination  [?;,  /;]  which  we  know  must  vanish  for  all 
values  of  i  and  /  Forming  the  general  expression  (27)  from  the  integrals  (26),  we 
find:— 

ih  y  =  \}\h,  'P,]  - 1   I  [&„  %:\  —  Pj,  ip,]  I  +  f  [6„  /;,]  =  0. 

This  equation  being  identically  zero,  the  coefficient  of  each  power  of  t  must 
vanish  identically.     This  gives,  in  the  case  of  the  middle  term, 

ih,%-\  =  \.hn-  (30) 

Forming  these  expressions  by  the  general  formula  (27),  and  putting 
we  find 

p..»j  =  x.[*.,.,,]g 

By  (29)  all  the  terms  of  these  expressions  vanish  except  that  one  in  the  first 
equation  in  which  A;=y,  and  that  one  in  the  second  in  which  Jc  =  i,  in  both  of 
which  the  first  coefficient  reduces  to  — 1.     Hence 


and  (30)  now  g 


[4.,'iy 

=  - 

So, 

fe'i'j- 

=  - 

ah, 
'do; 

«, 

<?<!,- 

St, 

(31). 
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§  6.  Development  of  H,  Q.j,  arid  0.'^. 
We  have  next  to  find  the  forms  of  the  expressions  fl^  and  0.'j  which  enter  into 
the  equations  (23)  and  (24).     In  the  first  place  we  have 


0.= 


We  now  substitute  for  x,  y,  and  z  their  expressions  (9)  as  linear  functions  of  f, 
71,  and  ^  respectively.  By  this  substitution  we  shall  introduce  no  terms  of  the  form 
^jj,  jjf,  or  ^0.  Hence,  when  we  substitute  for  f ,  vj,  and  f ,  their  expressions  in  infinite 
periodic  series,  the  reduced  expressions  will  contain  cosines  only.  In  fact,  using 
the  forms 

gj  =  Ski  cos  ^ 
jjj  =  jSJct  sin  JV 

we  shall  have  from  (12)  when  we  put  for  brevity 

(«'i  _  «v_\fc,  +(%?:  -^)h,-\-  etc.  ...=hp 
\mi       mj  /  ^nii       m^'  ■' 

Xi  —  Xj  =:  SlCij  cos  N; 

ij,~yj  =  Sk^  sin  N;  (32) 

z,  -  zj  =  SJd^  sin  N-. 

Each  denominator  in  II  will  therefore  assume  the  form 

V{Sh  cos  Nf  -{-{Sk  sin  Nf  +  {>Sk'  sin  if  )^. 

When  we  form  these  three  squares  we  find  that  every  term  of  the  form  h  cos 
{N^  -j-  Nt)  in  the  first  square  is  destroyed  by  a  corresponding  term  —h  cos  (^  -\-  N^,) 
in  the  second  square.  Hence  the  sum  of  these  two  squares  will  only  contain  terms 
of  the  form 

7t  cos  (iY«  —  iV,). 

Since  in  each  value  (15)  of  N  we  have 

«1  +  *2  +  *3  + +  *3ft  =  1) 

we  shall  have  in  iV|u  —  N, 

Also,  since  in  iV  the  sum  of  these  coefficients  is  zero,  it  follows  that  the  same 
thing  will  hold  true  of  the  third  of  the  preceding  squares.  The  denominator  in 
question  may  therefore  be  expressed  in  the  form 

VSkcos'N, 
in  which  each  N  is  of  the  form 

ii\  4-  4^2  + +  iu^W) 

where 

i,~^h  +  is-\- -\-h.  =  0. 
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The  possibility  of  developing  the  reciprocal  of  this  denominator  in  the  usual 
way  depends  upon  the  condition  that  tlie  constant  term  of  SJc  cos  N  is  larger  than 
the  sum  of  the  coefficients  of  all  the  other  terms,  a  condition  which,  so  far  as  we 
yet  know,  is  fulfilled  by  all  the  planets  and  satelhtes  of  our  system.  Representing 
this  constant  term  by  k^,  and  the  quotient  of  the  sum  of  all  the  other  terms 
di^'ided  by  /(:„  by  A,  so  that 

the  developed  expression  for  il  will  be 

ir^     '  +  2:4  ~  "■'• 

When  we  develop  the  powers  of  A  this  equation  will  reduce  itself  to  the  form 

i:i=iSh  cos  (iiXi  +  i^2  +  "iV's  + +  *3«^to),  (3^) 

each  X  being,  as  before,  of  the  form 

Xi  —  ?i  +  bit, 
while  in  each  term 

*i+%  +  i+ +4.-0. 

To  form  the  second  part  of  Hj  and  of  D.'j  in  (23)  and  (24)  we  have  to  diiferen- 
tiate  the  expressions  (12)  twice  with  respect  to  the  time,  and  once  with  respect  to 
the  arbitrary  constants  which  enter  into  them.     Putting,  as  before,  for  brevity, 

N=iiXi-\-i2%2-{~ +«3n^3» 

b  =  iibi  -{-  ij)2  -{- -f-  *sn6iHi> 

we  have 

-§'  =  —  Sb%cosN 
Ov 

^=  —  Sb%smN  (34) 

^1"=  — Sb"]if, sin  N-. 
For  the  other  derivatives  which  enter  into  il^  we  have 

-rrr  ^=  —  8%  h  sin  N 

|P=      SljhcosN-  (34)' 

^'=      Sjjh\cosN'. 

Forming  the  sum  of  the  products  which  enter  into  0.j,  in  the  manner  represented 
in  I  4,  it  becomes 

*i"  S^  S>  \iijki)v{b%i^  sin  {N,—N^) 

+  iUj^il  (.^"^'i),^  (sin  iN\  -  N-^)  ~  sin  (N\  +  N'^))  | .     (35) 
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This  expression  reduces  to  the  form  S  IT  cos  iV",  where  in  each  value  of  iV  we 
have 

2*  =  0. 
In  this  expression  it  may  be  worth  while  to  give  the  complete  value  of  H  corre- 
sponding to  any  value  of  N.     The  value  of  the  latter  is  completely  determined  by 
the  indices  i^,  %,  etc.,  which  multiply  ?^,  %2^  etc.,  in  its  expression.     Let  then 

J\r=  i,3^  -I-  i^  +  4Xb  4- +i^>-sn 

represent  the  value  of  N  for  which  we  wish  to  find  the  corresponding  value  of 

ffjihhh *3n)  by  means  of  (35),     The  required  term  will.be  found  by  taking 

in  (35)  all  combinations  of  v  and  /i  for  which  we  have 

N,  —  N^=  N, 

or  N\  "1-  N'^  =  N. 
Let  ds  represent  the  combination  of  indices  v  in  N,   by  k^,  k^,  etc.,  and  those  in 
N',   hy  ji,j\,  etc.,  so  that  we  have 

N',  =3,\  +i,;i,  + +y3.^3„. 

Then,  in  order  that  the  sura  or  difference  of  these  angles  and  of  iV^  may  make  N, 
according  to  the  formulie  just  written,  we  must  have 

N^  =  (Fi  —  *l)^.  +  (^  —  »^^2  + +  (fisn  —  i^n)^Sn, 

and 

^V  =  0\  ~  h)\  +  ih  —  hn.  + +  (i.n  -  hn)^.n, 

or 

N'^  =  (i,  -  j\)x,  +  (*', — i,)x,  + +  (i„  -y,„)X3„. 

For  the  corresponding  coefficients  of  the  time  h,  we  have 

b^  =  iu,  —  i,)b,  +  (^,  -  i,)h  + +  {!,,„  —  *,„)53„ 

6;  ±  0\ — *i)&i  ±  (i.  —  h)h  it i  Us. — hn)K. 

Affecting  Jc  and  h'  with  the  proper  indices,  as  explained  in  §  4,  the  part  of  the 
coefficient  ^(*,,  i^ i^^)  corresponding  to  any  one  value  of  the  angle  N„  will  be 

■S    lljhi{^i,  (li, )  hi(jj.^  l„f/2 — ig, )5/ 

+  i  TjMJuh^ )b%[  vih-h,  h-%, )  —Kiih—j^,  h-j2, )  I 

where  the  values  ofS^andJ'^  are  those  just  given.    The  complete  value  of  ^(ii,*2, ) 

will  be  found  by  taking  the  sum  of  all  the  terms  which  we  can  form  by  giving  to 

jMj,^2,  etc.,/,,  ^2, ysaiin  these  expressions,  all  admissible  combinations  of  values, 

that  is,  the  complete  expression  will  be  given  by  writing  before  the  first  line  the 
symbols 
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and  before  the  second  one 

Z  2        2 

J",=— OC  Ji=—CC  J3«  =  — oc 

Differentiating  (33)  with  respect  to  Ij,  we  have 

^  =  — >S*^siniV.  (36) 

By  the  substitution  of  these  expressions  (23)  now  assumes  the  form 

^=— Sli'j  sin  N,  (37) 

putting  for  brevity 

7i'  =  ijh  +  Hj. 

By  the  fundamental  hypothesis  that  the  adopted  expressions  for  ^,  ^,  and  ^  are 
first  approximations  to  the  true  values  of  those  quantities,  it  follows  that  in  adding 
(35)  and  (36)  all  the  terms  which  are  not  of  the  order  of  those  neglected  in  the 
first  approximation  destroy  each  other,  so  that  k'  is  of  the  order  of  the  q^iantities 
neglected  in  that  approximation. 

To  form  the  equations  (24)  we  differentiate  (12)  with  respect  to  c,  whereby,  omiir 
ting  the  index  i  with  which  ^,  jj,  ^,  7c,  and  k'  are  always  to  be  considered  as  affected, 
we  find 

ocj  6cj  '  dcj 

P=sf,mlf+t8l,f<:mN  (37)' 

cGj  dCj  '  dCj 

dt        „  dh    ,     ,„   ,       „,  db'        TIT? 
^z^  S—  SYo.  N' -\- t  Sh  ^  cos  W,- 

The  sum  of  the  products  of  these  expressions  by  (34)  which  enter  into  (24)  is 

+  W-M\  ^-'  (cos  {N\  —  N'^)  —  cos  (N\  +  N'^)  \ 

—  I  i  (J^"^)^  —  (sin  {N,~N^)  —  sin  {N',  +  N'^)  | , 
while  by  differentiating  (33)  we  find 

^=.s(f-co.Jf-^lj4smN-).  (37)- 

6cj  \6cj  dcj  /  ^     ^ 

Taking  the  difference  of  these  two  expressions,  the  equations  (24)  will  assume  the 
form 

^^*  =~Sh"  cos  i\^+  (  S7i"'  sin  K  (38) 

the  quantities  A"  and  k"  being  formed  by  a  process  similar  to  that  used  in  forming 
h'.     We  have  now  to  integrate  the  expressions  (37)  and  (38),  and  substitute  the 
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resuitmg  values  of  c^  and  It  in  the  expressions  (12).  Representing, the  perturba- 
tions of  each  quantity  by  the  sign  5,  we  shall  have  to  increase  each  value  of  'A  by 
the  quantity 

hXf = Ui  +  m^. 

We  here  have  the  time  t  outside  the  signs  sin  or  cos  in  both  hli,  from  the  integrar 
tion  of  (38),  and  in  t^b^.  We  must  next  find  the  sum  of  the  terms  thus  introduced 
into  ^'?ui.     Differentiating  this  expression  we  have 

We  have  now  to  form  the  sum  of  the  terms  in  the  second  member  of  this  equation 
which  arc  multiplied  by  t.  Beginning  with  the  second,  we  have,  omitting  the  in- 
dex of  h 

dh 6h  dcy   1^  dh  dc^ 

di^di^dt'^di^dt'^ 

Substituting  for  — -'  their  values  in  (37),  this  equation  becomes 

which,  after  multiplying  by  t,  is  to  be  added  to  the  last  member  of  (38).  But  it 
will  be  more  convenient,  instead  of  using  K  and  h"'  in  these  expressions,  to  retain 

the  expressions  y^,  -=-^,  and  -^  in  their  present  analytical  form.    Representing  them, 

for  brevity,  by  ^",  yi",  and  f",  the  equations  (23)  and  (24)  become 


dc^_      d£i      *-»  f       d^i        „  dm 


2    r.^^+ 


dt  -     Mj—  ,t,V  '^^    -^h^ ^  ''sh  )  ^^^) 

dt  Scj  ^itA^  'dcj  +  "^  'dcj  +  ^  'dcj  I 

If  in  the  first  of  these  equations  we  substitute  for  the  deiivatives  their  values  in 
(34)'  and  (36),  it  becomes 

^  =  ^S  ^i/i  —  X  {k"iijh)  I  sin  iV  +  2  (>?",i,-  K)  cos  iV  +  2  (r^}  k\)  cos  iV. 

Substituting  in  the  first  of  the  above  expressions  for  — ,  we  have 

dt 

§=-^{       '.£+^'S+ ■■•■■• +^»|:  }-'■>- 

-«i^M<+^'^ +-£)}  -^ 
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We  have  next,  in  the  second  of  equations  (40)  to  substitute  the  expressions  for 
the  derivatives  in  (37)'  and  (37)",  retaining  only  the  terms  multiplied  by  t.  This 
gives  by  substituting  for  6  its  developed  expression 

S  =  h*,  +  82*!  + +  «a,  6,. 

1  dl,        „  I  .   »,   ,    .  £)6.  ,  ,    .    c»,.    1  ,    .     „ 

-.{Sf*(,|  +  ,|  + +,.g--)}     sin^     (,,^ 

+  ^|X,-A(,g+,|+ +  ,*.)}     eos^ 

+  s|si;,*.(,.-^.  +  „-'+ +fca^)|   '=»^- 

Adding  this  expression  to  (41),  we  find  that  the  sum  reduces  to  a  series  of  terms 
each  of  which  has  a  factor  of  the  form 

By  (31)  these  factors  are  all  zero.  Hence  the  terras  of  (39)  multiplied  by  i  destroy 
each  other,  and  we  have 

*§'=(l)+»<'  («' 

the  parenthesis  around  — ?  indicating  that  all  the  terms  multiplied  by  the  time  in 

that  expression  are  to  be  omitted  ;  in  other  words,  that,  in  taking  the  derivatives  of 
^)  ^j  v>  ^^"i  ^  with  respect  to  o^,  we  are  only  to  consider  the  coefficients  h,  k,  and 
M  as  functions  of  these  quantities,  and  are  not  to  vary  fij,  J^j  etc. 

§  7.  Form  of  the  Second  Approximation. 

The  rest  of  our  process  is  now  as  follows:  By  integrating  (37)  and  (38),  the 
last  member  of  (38)  being  omitted,  we  have 

5c,- 1:^  S-^cos  N 
0 

{Uj)^  —  S^'^-smK 

The  co-ordinates  ^,  >j,  and  f  in  (12)  being  expressed  as  functions  of  the  quanti- 
ties Cj  and  Ij,  we  are  to  suppose  these  quantities  increased  by  their  perturbations, 
that  is,  we  are  to  find 


or,  since  we  have  replaced  2^  by  3.j, 
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In  (43)  we  have 


^b,. 


-.  dh, 


and,  integrating, 


:  S      2      -,■'  — '  COS  iV, 

j=l      0    O'Cj 


which,  for  brevity,  we  may  represent  by 

^Xi  =  SM  sin  i^. 


putting 


(44) 


^'''  h'j  dbi 


In  adding  the  elTect  of  the  perturbations  kf^  to  ^,  77,  and  ^,  we  are  to  vary  only 
k,  the  expressions  for  (t^,  etc.,  being 

*f  =S,  I  a  cos  W—  k  sin  i\r(;_j;^_  _|_  ,-_jx,  + +  4A.)  i 

i,,=S,A  ill  sin  JV^  J;  cos  jV(«A  +  4SX,  + +  »»&,.)  } 

Sf  =  4.  I  t*'  sin  Jf  +  i'  cos  iy'O'A  +iA  + +  ii.SX»)  j. 

We  are  to  put  in  these  expressions 


+ 1  ^% 


+  h,L,J,  I  00s  {N,^  +  N.) 


and  the  values  of  ^/L  in  (44),     We  thus  iind 


2.  (^  I*  ),  -  J:,  (%£,  +  iA  + +  %.i..).  }  sin  (N,  —  N.) 

S,  (^*).  +  *;(i,i.  +i,i,  + +i»i,.).  }  sin  (ii^;  +  if",) 

2.(^|^).-*:.0-,A+yA+ +i.i..),}sin(iV',-*;) 

Since,  in  jy"„  we  have  2*::=  1, 
while  in  N,    "     "     2*  :=  0, 


November,  1874. 
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it  follows  that  all  these  terms  will  be  of  the  same  form  with  those  already  contained 
iu^,  71,  and  'C  (13). 

In  the  preceding  integration  we  have  tacitly  supposed  the  coefficient  of  the  time, 
h,  never  to  vanish  in  any  case.  But  some  of  the  values  of  N  will  necessarily  be 
zero,  and  in  this  case,  instead  of  having 

r  h 

jhdt cos ^=  T- sin  iV, 

we  must  put 

Jfc  dt  cos  JV  =  U. 

The  only  terms  of  this  form  are  found  in  U.    If,  in  (38),  we  represent  the  coeffi- 
cient of  the  vanishing  term  by  Jl'^^,  we  shall  have  for  the  terms  in  question 
U  =  —  7i\t. 

This  adds  to  ?.  the  same  expression,  and  is  equivalent  to  diminishing  b  by  the 
quantity  h"a.  We  "make  this  change  not  only  in  the  original  terms  of  $,  jj,  and  ^, 
but  also  in  the  terms  of  S^,  6v;,  and  5(f,  because  the  change  will  only  affect  them 
by  quantities  of  the  second  order,  which  we  have  rejected  throughout. 

Making  these  changes,  the  expressions 

^  +  5^,  V-\-h,  and^  +  S^, 
will  now  satisfy  the  differential  equations  (II)  to  quantities  of  the  second  order, 
while  their  form  will  still  be  in  all  respects  the  same  as  in  (12).  As  we  have 
made  this  one  approximation  without  changing  the  form  of  the  original  integrals, 
so  may  we  make  any  number  of  successive  approximations.  We  may,  therefore, 
regard  the  form 

^  =  SJc  cos  (%?.i  +  ^'a^La  + +  *'s-i^.^«) 

yj  ^  S7c  sin  (%3.i  --I-  ii^  + +  %n^3«) 

■C=Sk  sin  Ux^i  +h^^  + +i3«3-3.), 

where  each  A  is  of  the  form 

?.^—li-\-  bit, 
?j  being  an  arbitrary  constant,  and  k,  k',  and  b^  being  each  functions  of  3n  other 
arbitrary  constants,  while 

h-\-h-}- +  ^,„  ^  1, 

^nd  ii  +>.  + -hJ^n  =  0, 

in  each  separate  term  under  the  sign  S,  to  he  a  general  form  in  which  the  relative 
co-ordinates  of  n  planets,  revolving  in  nearly  circular  orbits  with  a  nearly  uniform 
motion,  may  be  developed  when  the  approximations  are  continued  indefinitely. 
This  may,  therefore,  be  regarded  as  the  general  form  of  the  integrals  of  planetary 
motion. 

§  8.    General  Theorem. 

If  'we  express  the  relative  living  force  of  the  entire  system  in  terms  of  the  canonical 
elements,  the  coefficients  of  the  time  b^,  b^, &3a  **^^^  each   be  equnl  to  the  negative 
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of  the  derivative  of  the  constant  term  of  the  living  force  with  respect  to  its  correspond- 
ing canonical  element.  That  is  to  say,  if  we  represent  the  constant  term  of  the  living 
force  by  V,  and  suppose  V  to  be  expressed  in  terms  of  the  canonical  elements,  we 
shall  have 

dv 

^^='~dc: 
b  ~~^ 

From  the  expressions  (9)  for  x,  and  the  corresponding  expressions  for  y  and  z,  it 
will  be  seen  that  the  expression  for  the  relative  living  force  is 


-)-        etc. 
-\-  corresponding  terms  in  yf  and  ^. 
Here  the  coefficients  of  g',  etc.,  are.  those  which  we  have  shown  to  form  an  ortho- 
gonal system,  and,  by  the  properties  of  such  a  system,  the  expression  reduces  to 

Substituting  for  ^',  ^',  and  ^'  their  periodic  expressions 

^'  =  —  Sbh  sin  N 
yl  =      Sbk  COS  N 

^'^    sb'hf  cos  n; 

the  constant  term  of  the  living  force  is  found  to  be 

the  sign  S'  having  the  signification  given  on  page  12.  Compare  this  expression 
with  that  of  Cj  in  (21).  Multiply  each  c^  by  its  corresponding  &;,  and  add  aU  the 
products,  "remembering  that 

b  ^  ifii  -\-  ij}z  -\-  etc,  for  ^  and  yj,  and 
b  =JA  +jA  -\-  etc.  for  ^. 
We  thus  find,  from  the  expression  for  Fjust  given, 

2  F=Sa  +  &ac,  +  6363  + +  b^^c,^. 

Differentiating  this  expression  with  respect  to  Cj  and  substituting  --i  for  --J, 
we  have 

2^I=,.  +  „/i..+„.*+.,,.,+c..*,  (46) 

We  have  now  to  show  that  6  is  a  homogeneous  lunction  of  the  degree  — 3  in 
(ci,  Cj, C3„).     Let  us  represent  such  a  function  of  the  nth  degree  by  [c'"']. 
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Let  us  represent  the  linear  elements  of  the  system  by  a^,  a^,  etc.     Since  x,  y,  z,  and 
f>  >?)  ^1  ai^6  ^U  linear  co-ordinates,  we  have  in  the  expressions  (16)  of  the  latter 

Every  time   we  differentiate  these  expressions   with  respect  to  the  time,   we 
multiply  the  coefficients  by  &,  a  linear  function  of  b^,  b^,  etc.     Hence 


The  form  of  the  potential  £1  shows  that 

a  =  [a<-^)], 

a  result  which  arises  from  the  law  of  attraction  proportional  to  the  inverse  square 
of  the  distance.     Whence 

In  order  that  the  differential  equation  L|  =  -—  may  be  satisfied  identically  we 
must  have 

or 

fii^'  — [a(~=>]  or  6  =  [«'-?!]. 

The  expression  (21)  for  c,,  k  being  linear  in  a,  is  of  the  form 
Ilcnnc,  when  wfe  express  6;  in  terms  of  c„  Cj,  et«,,  we  must  have 
The  fundamental  property  of  homogeneous  functions  now  gives 


Substituting  in  (46),  we  find 

which  is  the  theorem  enunciated. 

This  theorem  cannot  be  directly  employed  to  obtain  the  values  of  b^,  for  the 
reason  that  V  camiot  be  determined  as  a  function  of  the  canonical  constants  until 
the  equations  of  motion  are  completely  integrated. 

§  9.   Summary  of  Results. 

The  following  is  a  brief  summary  of  some  of  the  results  which  follow  from  the 
preceding  investigation. 

We  first  suppose  that  we  have  found  expressions  for  ^,  j?,  and  if  of  the  form  (12), 
such  as  identically  satisfy  the  differential  equations  (11).     We  also  conceive  the 
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quantities  h  and  h  as  expressed  in  terms  of  3n  canonical  constants  c^,  c^,  c-, 

Cjn,  so  chosen  that  the  expression 

shall  reduce  to  unity  when  Jc  =j,  and  shall  vanish  whenever  any  other  of  the  6u 
quantities  (\ Cj„,  l^ ^sn  is  substituted  for  4.     Then; — 

Theorem  I.  —  If,  taking  the  entire  series  of  Bn  co-ordinates  represented    by 

gi %n)  >7i Vn)  ^1 ?«>  'i^s  multiply  the  square  of  each  coefficient 

k  by  the  coefficient  of  the  time  in  the  corresponding  angle  ijXi  -\-  i^^  -)-  etc.  (that 
is,  by  the  corresponding  quantity  t\6i  -]-  i^b^  -j-  etc.,  or  j^bi  -j-^A  +  etc.),  and  by  the 
coefficient  ij  orj)  of  any  one  of  the  A's,  as  Ij,  which  ?.  is  to  be  the  same  throughout, 
then  all  the  constants  c,  except  c^,  will  identically  disappear  from  the  sum  of  all 
these  products,  which  sum  will  reduce  identically  to  2cj.  This  theorem  is  expressed 
in  equation  (21). 

Theorem  II. — The  Sn  coefficients  of  the  time,  fi„  b^,  etc.,  considered  as  functions 

of  q,  G2,  etc.,  fulfil  the ^ conditions  expressed  by 

where  i  andy  may  have  any  values  at  pleasure  from  1  to  Zn.  They  are  therefore 
all  the  partial  derivatives  of  some  one  function  of  Cj,  Cj c^^- 

Theorem  III. — This  function  is  the  negative  of  the  constant  term  of  the  expres- 
sion for  the  living  force  in  terms  of  c,,  Cj,  etc.,  as  shown  in  the  last  section. 

Theorem  /F.— The  sum  of  the  canonical  elements  Ci,  Gj Cg^  is  equal  to  the 

"  constant  of  areas,"  this  constant  being  either  the  sum  of  the  canonical  areolar 
velocities  on  the  plane  of  XY,  or,  which  is  the  same,  the  sum  of  the  products  ob- 
tained by  multiplying  the  actual  areolar  velocity  of  each  body  around  any  point, 
fixed  with  reference  to  the  centre  of  gravity  of  the  system,  by  the  mass  of  the  body. 

This  theorem  is  demonstrated  as  follows :     The  sum 

I  Wi  {xa/i  —  af^i) 

i  =  0 

is  known  to  be  a  constant  by  the  principle  of  conservation  of  areas.  From  the  ex- 
pression (9)  for  Xi,  and  the  corresponding  expression  for  yi,  introducing  the  quantity 
oui  as  in  (8),  we  have 

multiplying  by  m^,  and  then  summing  with  respect  to  *,  we  have 

By  the  condition  of  the  orthogonal  system  (8)  the  sum  in  brackets  vanishes  when- 
every  is  different  from  k,  and  becomes  unity  when  these  indices  are  equal.  More- 
over in  (5)  ^'0  and  r^  vanish  whenever  the  origin  of  co-ordinates  is  fixed  relatively 
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to  the  centre  of  gravity  of  the  system.     The  right-hand  member  of  the  last  equa- 
tion therefore  becomes 

Substituting  for  ^,  vi,  ^',  and  r'  their  expressions  (16),  the  constant  term  of  this 
expression  becomes 

8'bh\ 
But  if  we  add  all  the  values  of  c,-  in  (21),  noting  that  by  the  form  of  the  general 
integrals  we  have 

»•.+;.+%+ +%,=! 

i.+h+h  + +i«  =  o, 


we  find,  also, 
and  hence 


Xfj  ^  8'hT^, 


2(g>?'  — r^)=2c. 
Ttieorem  Y. — The  constant  part  of  the  living  force,  which  is  itself  equal  to  the 
constant  H  in  the  integral  of  living  forces,  usually  expressed  in  the  form 

a—T^ii, 

is  represented  by 

|(6lCi  +  &2C2  -f +  hnGin), 

as  already  shown  in  §  9. 

The  constant  part  of  fi  itself  is  therefore  equal  to 

tjCi  -f-^aCa  + +  *3«  Cs^- 

The  equality  of  H  to  the  constant  part  of  T  may  be  shown  by  the  preceding  theory, 
or  it  may  be  easily  deduced  directly  from  the  theorem  of  living  forces  as  shown  by 
Jacobi.     {Yorhsungeii  uber  Dynamih,  p.  29.) 

The  conditions  that  the  Lagrangian  coefficients  fa,-,  Z,),  the  sum  of  the  canonical 
areolar  velocities,  and  the  difference  between  the  potential  and  living  force,  are  all 
constant,  give  rise  to  a  number  of  relations  between  the  quantities  &,  h,  and  their 
derivatives  with  respect  to  c,  which  I  have  not  yet  found  of  any  use  in  the  opera- 
tions of  integration.'  I  therefore  omit  to  cite  them,  especially  as  their  complete 
expressions  are  rather  complex. 

The  forms  which  we  have  been  considering  are  those  in  which  it  would  be 
necessary  to  develop  the  expressions  for  co-ordinates  of  the  planets,  if  we  wished 
these  expressions  to  hold  true  for  all  time.  The  usual  expressions  are  sufficiently 
correct  for  a  few  centuries,  but  fail  entirely  when  we  extend  the  time  beyond  cer-' 
tain  limits.  But,  in  the  case  of  the  planetary  system,  we  are  obliged  to  adhere  to 
them  for  the  reason  that  formulas  developed  in  multiples  of  the  23*  independent 
arguments  of  that  system  would  be  unmanageable  in  practice.  But,  in  the  case 
of  the  subsidiary  systems,  as  the  Tellurian  and  Jovian  for  instance,  the  secular 

*  A  litieav  relation  of  which  we  have  not  spoken  must  subsist  boiwoon  the  quantities  6„  65,  etc., 
which  reduces  the  number  of  really  independent  argamenta  to  &n — 1. 
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variations  of  the  orbits  are  so  rapid  tliat  the  approximation  in  powers  of  the  time 
fails  even  'for  present  uses.  Hence,  the  lunar  theory,  considered  as  a  problem  of 
three  bodies  only,  is  always  treated  in  a  manner  analogous  to  that  in  which  the 
general  theory  of  planetary  motion  has  been  considered  in  the  present  paper,  the 
three  arguments  introduced  by  the  moon  being  her  mean  longitude,  and  the  longi- 
tudes of  her  node  and  perigee.  In  the  theory  of  Delaunay  the  analogy  in  question 
is  most  easily  seen.  His  L,  (3,  5,  represent  three  of  our  canonical  elements  c^, 
the  constant  term  of  R,  to  which  he  constantly  approximates,  is  the  constant  part 
of  so  much  of  the  expression  for  the  living  force  as  contains  i,  G,  and  H,  by  differ- 
entiating which  with  respect  to  the  latter  quantities,  he  obtains  the  expressions  for 
the  motions  of  the  three  arguments. 

The  theory  of  Jupiter's  satellites  has  been  treated  by  M,  Souillart  in  such  a 
manner  that  the  co-ordinates  may  contain,  instead  of  the  longitudes  of  the  peri- 
ioves,  the  varying  angles  on  which  these  longitudes  depend.  His  analytical  theory 
is  given  in  the  Annates  de  VEcole  Normale  SupSrieure,  Vol.  3,  1865. 

It  may  be  hoped  that  the  general  view  of  the  subject  taken  in  the  present  paper  - 
will  afford  a  means  of  introducing  a  more  rigorous  system  of  integration  iii  such 
cases.  One  of  the  special  problems  growing  out  of  this  general  theory  wiU  he  the 
determination  of  the  coefficients  of  the  time,  b^,  h^,  etc.,  either  in  terras  of  the  canoni- 
cal constants  Ci,  c^,  etc.,  or  of  the  largest  of  the  coefficients  7c,  in  the  expressions  for 
the  co-ordinates  of  the  several  planets.  These  coefficients  are,  approximately,  the 
mean  distances  of  the  planets.  The  quantities  b  ought,  perhaps,  to  appear  as  the 
roots  of  an  equation  of  the  Snth  degree,  but  the  writer  has  not  yet  succeeded  in 
forming  any  expression  fitted  to  give  rise  to  such  an  equation,  except  one  in  which 
only  the  squares  of  the  quantities  in  question  appear. 
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THE  HAIDAH  IKDIINS  OF  QUEEN  CHARLOTTE'S  ISLANDS. 


Queen  Charlotte's  Islands  are  a  group  in  the  Pacific  Ocean,  lying  oif  the 
northwest  coast  of  North  America  about  seventy-five  miles  northwest  of  Vancouver's 
Island,  between  latitude  51°  30'  and  54°  20'  north,  and  at  a  distance  from  the 
mainland  varying  from  one  hundred  miles  at  their  southern  extremity  to  about 
sixty  miles  at  the  northern  portion  of  the  group. 

They  were  first  discovered  by  Captain  Cook,  E.  N.,  in  the  year  1776,  and  it  is 
said  that  he  landed  on  the  most  northerly  portion  near  a  spot  now  known  as  Cook's 
Inlet.  Captain  Juan  Perez,  a  Spanish  navigator,  had  sighted  this  land  two  years 
previously,  but  it  was  not  taken  formal  possession  of  by  either  the  English  or 
Spanish  until  1787,  when  Captain  Dixon  took  possession  in  the  name  of  King 
George  the  Third,  and  named  the  group  after  the  consort  of  the  King,  "Queen 
Charlotte's  Islands." 

These  Islands  form  together  a  healthy  picturesque  territory,  rich  in  natural 
resources,  and  well  adapted  to  colonization.  Nevertheless,  for  the  space  of  nearly 
a  century  no  attempt  has  been  made  by  the  English  to  colonize  them.  There  they 
lie  waste  and  fallow,  yet  marvellously  productive,  and  awaiting  nothing  but  capital, 
enterprise,  and  skill  to  return  manifold  profit  to  those  who  will  develop  their 
resources. 

The  names  of  this  group  are  North,  Graliam's,  Moresby's,  and  Prevost. 

Graham's  and  Moresby's  Islands  are  the  largest,  and  constitute  at  least  95  per 
cent,  of  the  whole  area  of  the  group. 

North  and  Prevost  Islands,  one  at  the  extreme  northwest,  and  the  other  at  the 
extreme  southeast  of  the  group,  are  quite  small,  being  only  a  few  miles  in  area. 

There  are  a  great  number  of  small  islands  and  islets  around  the  main  group, 
particularly  on  the  eastern  side.  Some  of  these  islets  are  of  considerable  extent, 
but  are  of  minor  importance  when  compared  with  the  main  group. 

The  general  direction  of  Queen  Charlotte's  Islands  is  northwest  and  southeast, 
following  the  general  outline  of  the  coast  in  that  region  of  the  continent. 

The  widest  portion  is  at  the  northern  end  of  Graham's  Island,  a  little  north  of 
the  54°  parallel,  and  measures,  from  Cape  Fife  on  the  east,  to  Cape  Knox  on  the 
west,  about  sixty  nautical  miles. 

From  the  54°  parallel  the  group  narrows  towards  its  southern  extremity  till  it  is 
reduced,  at  Prevost  Island,  to  about  one  mile. 

May.  1874.  J 
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The  whole  length  of  the  group  from  North  Point  to  Cape  St.  Jaracs,  its  southern 
extremity,  is  about  one  hundred  and  sixty  miles.  The  islands  of  the  group  are 
separated  by  three  channels.  Parry  Passage,  at  tbe  north,  separates  North  Island 
from  Graham's,  Skidegate  Channel  separates  Graham's  and  Moresby's  Islands,  and 
Stewart  Channel  separates  Moresby's  and  Prevost  Islands. 

These  Islands  are  inhabited  by  a  tribe  of  Indians  called  liaida  or  ITydah,  who 
in  manners  and  customs  seem  somewhat  different  from  the  neighboring  tribes  of 
the  mainland,  and  those  of  Vancouver's  Island.  The  name  is  spelled  Hyder, 
Haida,  or  Haidah,  I  have  adopted  the  latter  style  as  it  is  more  expressive  of  the 
true  pronunciation  of  the  natives. 

In  general  appearance  the  Haidahs  resemble  the  natives  of  the  northeastern 
coast  of  Asia,  who  have  a  marked  resemblance  to  the  Tartar  hordes  and  who  seem 
to  have  extended  along  the  Siberian  coast,  the  Aleutian  Islands,  and  down  the 
American  shores  as  far  south  as  Queen  Charlotte's  Islands,  where  this  peculiar 
type  of  the  Indian  race  ceases,  and  is  succeeded  immediately  by  the  Selish  or 
flat-head  branch  of  the  North  American  Indians,  who  have  been  classed  by  Morgan 
as  the  Ganowanian  family  or  Bow  and  Arrow  people.  I  apply  the  term  Selish  in 
this  paper  to  the  tribes  of  Washington  Territory  and  British  Columbia  south  of 
the  51"  parallel  of  north  latitude. 

The  distinctive  features  of  these  two  classes  of  Indians  are  apparent  to  the  most 
casual  observer.  The  Haidah,  Chimsean,  and  other  tribes  north  of  Vancouver's 
Island,  who  are  termed  by  the  residents  of  Puget  Sound  "Northern  Indians," 
are,  as  a  general  rule,  of  larger  stature,  better  proportion,  and  lighter  complexion 
than  the  Selish, 

Although  there  are  numerous  instances  of  well-developed  individuals  among  the 
Vancouver  Island  tribes,  and  of  smaU-sized  individuals  among  the  Northern,  yet 
the  general  appearance  of  the  Northern  Indians,  both  men  and  women,  is  much 
larger  and  finer.  This  diflerence  is  particularly  marked  in  t!ie  females.  Those  of 
the  Haidah  and  other  northern  tribes  are  tall  and  athletic,  while  the  Selish  women 
are  shorter  and  more  given  to  corpulency. 

The  Haidah  Indians,  living  on  an  island  separated  from  the  mainland  by  a  wide 
and  stormy  strait,  are  necessarily  obliged  to  resort  to  canoes  as  a  means  of  travel, 
and  are  exceedingly  expert  in  their  construction  and  management. 

Some  of  their  canoes  are  very  large  and  capable  of  carrying  one  hundred  persons 
with  all  their  equipments  for  a  long  voyage.  But  those  generally  used  will  carry 
from  twenty  to  thirty  persons ;  and  in  these  conveyances  they  make  voyages  of 
several  hundred  miles  to  Victoria  on  Vancouver's  Island,  and  from  thence  to  the 
various  towns  on  Puget  Sound. 

These  canoes  are  made  from  single  logs  of  cedar,  which  attains  an  immense  size 
on  Queen  Charlotte's  Islands.  Although  not  so  graceful  in  model  as  the  canoes  of 
the  west  coast  of  Vancouver's  Island  and  Washington  Territorj',  which  are 
commonly  called  Chenook  canoes,  yet  they  axe  most  excellent  sea  boats,  and  capable 
of  being  navigated  with  perfect  safety  through  the  storms  and  turbulent  waters  of 
the  northwest  coast. 
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The  Ilaidabs  bring  with  them  as  articles  of  traffic,  furs  of  various  kiuds,  dogfish, 
and  seal  oil,  and  carvings  in  wood  and  stone,  as  well  as  ornaments  in  silver  of 
excellent  workmanship,  such  as  bracelets,  finger-rings,  and  ear  ornaments. 

A  peculiar  kind  of  slate-stone  is  found  on  Queen  Charlotte's  Islands,  very  soft 
when  first  quanied,  and  easily  carved  into  fanciful  figures  of  various  kinds,  but 
growing  very  hard  upon  exposure  to  the  air,  and  after  being  rubbed  with  oil,  which 
seems  to  harden  and  polish  it. 

These  stone  carvings  are  eagerly  purchased  by  persons  looking  for  Indian  curi- 
osities, and  are  generally  regarded  by  casual  observers  as  idols,  or  objects  of 
worship,  or  indicative  in  some  manner  of  their  secret  or  mystic  rites.  This,  how- 
ever, is  an  error.  None  of  the  tribes  of  the  northwest  coast  worship  idols  or  any 
visible  symbol  of  their  secret  religion,  which  is  confined  to  the  totem,  or  tomanawas, 
or  guardian  spirit  of  each  individual  Indian. 

But  the  custom  which  prevails  among  them,  and  seems  to  be  a  distinctive  feature 
of  this  tribe,  is  that  of  tattooing  their  bodies  with  various  designs,  all  of  which  are 
fanciful  representations  of  animals,  birds  or  fishes,  either  an  attempt  to  represent  in 
a  grotesque  form  those  which  are  known  and  commonly  seen,  or  their  mythologi- 
cal and  legendary  creations.  A  recent  visit  of  a  party  of  these  Indians  to  Port 
Townsend  has  enabled  me  to  study  carefully  a  variety  of  their  carvings  and  tattoo 
marks,  and  to  ascertain  with  accuracy  their  true  meaning  and  signification. 

I  have  forwarded  to  the  Smithsonian  Institution,  to  accompany  this  memoir, 
several  carvings  m  wood  and  stone ;  and,  in  order  the  better  to  describe  them,  I 
have  made  sketches  illustrative  of  these  carvings  and  also  of  various  tattoo  designs, 
which  were  copied  by  me  from  the  persons  of  the  Indians,  and  also  have  caused 
photographs  to  be  taken  to  still  further  illustrate  this  subject. 

'ITie  first  of  these  carvings  which  I  shall  describe  is  of  wood  (Plate  2,  fig.  1). 
It  is  intended  to  represent  one  of  the  carved  posts  or  pillars  which  are  raised  in  front 
of  the  houses  of  the  chiefs  or  principal  men.  These  pillars  are  sometimes  from 
fifty  to  sixty  feet  high,  elaborately  carved  at  a  cost  of  hundreds  of  blankets;  some 
of  the  best  ones  even  costing  several  thousand  dollars,  consequently,  only  the  most 
wealthy  individuals  of  the  tribe  are  able  to  purchase  the  best  specimens. 

These  pillars  are  carved  out  of  a  single  cedar  tree,  the  back  hollowed  out  so  as 
to  relieve  the  weight  when  raising  it  in  a  perpendicular  position.  They  are  deeply 
and  firmly  set  in  the  earth  directly  in  front  of  the  lodge,  and  a  circular  opening 
near  the  ground  constitutes  the  door  of  entrance  to  the  house.  The  Chimsean 
Indians,  at  Fort  Simpson,  and  the  Sitka  tribes  have  this  style  of  carved  posts,  but 
they  set  them  a  short  distance  from  the  front  of  their  houses. 

The  figures  carved  on  these  posts  are  the  family  totems  or  heraldic  designs  of  the 
family  occupying  the  house,  and  as  these  Indians  build  large  wooden  lodges  capable 
of  containing  several  families,  the  carvings  may  be  said  to  indicate  the  family 
names  of  the  diffierent  occupants. 

The  chief  or  head  man  owns  the  house,  and  the  occupants  are  his  family  and 
relatives,  each  one  of  whom  will  have  on  some  part  of  the  body  a  representation 
in  tattooing  of  the  particular  figure  which  constitutes  his  or  her  family  name  or 
connection. 
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The  chief  will  have  all  the  figures  tattooed  on  his  body  to  show  his  connection 
with  the  whole. 

The  principal  portion  of  the  body  tattooed  is  the  back  of  the  hand  and  forearm  ; 
and  a  Haidah,  particularly  the  women,  can  be  readily  designated  from  any  other 
northern  tribe  by  this  peculiarity. 

The  carving  which  I  shall  next  describe  is  the  wooden  figure  on  the  left  of  Sketch 
No.  9,  This  has  four  figures,  one  above  the  other.  The  lowest  one  is  the  beaver 
Tsching.  On  his  head  sits  the  mythological  mother  of  the  Haidah  tribe,  who  is 
named  Itl-tads-dah.  In  her  arms  she  holds  the  young  crow  Keetnkie,  and  on  her 
head  is  seated  the  crow  Hooyih,  bearing  in  his  beak  the  new  moon  Koong.  Hia 
head  is  surmounted  by  the  Tadn-shillik,  a  peculiar  shaped  hat  worn  only  by  chiefs 
or  persons  of  importance.  On  the  top  of  the  Tadn-sldllik  is  seated  the  bear 
Iloorts. 

The  legend  connected  with  this  carving  is,  that  the  beaver  Tsching  occupies 
himself  by  eating  the  moon,  and  when  he  has  finished  his  meal  and  obliterated  it, 
Itl-tads-dali  sends  out  Hoo-yih,  the  crow,  to  hunt  for  a  new  moon  which  he  brings 
home  in  his  bill.  The  duty  of  Hoorts  the  bear  is  to  keep  watch  that  all  goes  on 
well. 

The  second  carving  is  of  stone  (Plate  1,  fig.  1),  and  consists  of  Tsching  the 
beaver,  Skams-kwin  the  eagle,  and  Itl-tads-dak  the  grandmother.  In  the  under 
lip  of  the  old  woman  is  seen  the  staie,  an  oblong  piece  of  wood  or  ivory  which  is 
inserted  in  the  under  lip,  and  increased  in  size  till  the  Up  is  distorted  and  stretched 
out  of  all  shape. 

This  practice  was  formerly  universal,  but  of  late  years  has  fallen  somewhat  into 
disuse,  particularly  with  those  females  who  have  visited  Victoria'  and  seen  the 
customs  of  civilization. 

Carving  No.  2  is  of  stone,  and  represents  two  figures,  the  lower  one  is  Hoorts 
the  bear  holding  in  his  paws  the  Stoo  or  crayfish.  The  upper  figure  is  the  Tsching 
or  Tsing,  the  beaver,  holding  the  Tl-lmm-kmtan  or  frog  in  his  paws. 

The  Indian,  however  rude  or  grotesque  his  carvings  or  paintings  may  be,  is 
always  true  to  nature.  He  knows  that  the  bears  eat  crabs,  crayfish,  and  other 
littoral  marine  Crustacea,  and  that  the  frog  is  the  fresh-water  companion  of  the 
beaver.  Hence,  if  the  carver  had  reversed  the  grouping,  he  would  have  been 
laughed  at  by  his  friends,  for  the  Indians  are  keen  critics  of  each  other's  work, 
and  prone  to  ridicule. 

Stone  carving  No.  3  represents  three  figures.  The  lower  one  is  the  Taltn  or  sea- 
lion  ;  on  his  head  is  the  WasJco,  a  mythological  animal  of  the  wolf  species  similar 
to  the  Chiirchu-hur-uxl  of  the  Makah  Indians.  Above  the  Washo  is  the  bear,  sur- 
mounted by  a  head  resembling  a  human  head,  but  intended  to  represent  the  young 
bear. 

The  other  stone  carving  {Plate  5,  No.  5)  is  unfinished.  It  represents  two  figures ; 
the  lower  one,  the  bear,  and  the  upper  one,  the  Scana  or  killer  (Orcaatey). 

With  the  exception  of  the  first-named  carving,  I  did  not  learn  of  any  legend  or 
allegorical  history  connected  with  these  carvings  of  the  Haidahs.  But  they  will 
be  of  interest  and  value  to  study  at  some  future  opportunity. 
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The  drawings  of  tattoo  designs  which  accompany  the  carvings  were  copied  by 
me  from  the  persons  of  the  Indians  who  came  to  my  office  for  that  purpose. 

The  first  one  (Plate  4,  fig.  1)  is  the  Kahdtta  or  codfish.  This  was  tattooed  on 
the  breast  of  Kitkun,  a  chief  of  the  Laskeek  village  of  liaidahs,  on  the  east  side 
of  Moresby's  Island. 

Kithun  and  his  brother  Genes-kelos — a  carver  and  tattooer — ICit-horgens,  one  of 
the  head  men  of  the  band,  and  Captain  Skedance,  chief  of  the  Koona  village,  with 
their  party  gave  me  the  information  and  descriptions,  and  from  their  persons  I  made 
the  drawings. 

Fig.  2  (tattoo  mark)  is  the  Oolala,  a  mythological  being,  half  man,  half  bird, 
similar  in  all  respects  to  the  Thunder  bird  of  the  Makah  Indians.  It  lives  on 'high 
mountains  enveloped  in  clouds  and  mist,  causing  the  loud  thunder  and  sharp 
lightning,  and  destructive  alike  to  man  or  beast. 

Fig.  3  (Plate  4)  is  called  Wdsko,  another  mythological  being  of  the  antediluvian 
age.  This  represents  the  ancestors  of  the  present  race  of  wolves.  It  is  similar  to 
the  Chu-ohu-hu-uxl  of  the  Makahs,  and  the  tradition  is,  that  after  the  primitive 
race  had  produced  the  present  genus  of  wolf,  the  Wasko  were  transformed  into 
the  killer  (orcii  ater).  The  sharp  teeth  and  powerful  jaws  of  the  killer,  resembling 
more  the  mouth  of  a  carnivorous  land  animal  than  any  of  the  inhabitants  of  the 
water,  was  undoubtedly  the  origin  of  the  fable. 

Scammon,  in  his  Cetacea  of  the  Northwest  Coast,  styles  them  the  cannibals  of 
the  whale  tribe.  The  Waslco,  as  I  have  copied  it,  was  tattooed  on  the  back  of  the 
chief  Kithun. 

Fig.  4  (Plate  4)  is  the  Sca)ia  or  killer  (Orcaater). 

Fig.  5  is  the  Koone  or  whale. 

Plate  5,  Fig.  6,  is  the  Tl-kam-kostan  or  frog. 

Fig.  7  is  the  TMa/ma  or  skate. 

Fig.  8,  mama-thhn-tona  or  humming  bird. 

Plate  3,  Fig.  9,  is  the  fish  eagle  (^Kooi),  This  drawingwas  made  by  Geneskelos, 
the  painter  and  tattooer  of  the  tribe. 

Plate  6,  Fig.  10,  is  the  Chimose  or  Tchimose,  a  fabulous  animal  supposed  to  drift 
about  in  the  ocean  like  a  log  of  wood,  floating  perpendicularly,  and  believed  by 
the  Haidahs  to  be  very  destructive  to  canoes  or  to  Indians  who  may  fall  into  its 
chitches.  The  taJidn^aJdUik  or  hat  shown  in.  the  drawing  indicates  this  animal  to 
belong  to  the  genii  or  more  powerful  of  these  mythological  beings. 

Fig.  11  is  the  crow,  Hooyeh.     This  is  sometimes  drawn  with  a  double  head. 

Fig.  12  is  the  bear,  Hoorts. 

Fig.  13  is  a  young  skate,  the  Billachie  of  the  Makahs  and  the  Oheetha  of  the 
Haidahs.  The  young  skate  has  on  each  side  of  its  body  an  elliptical  brown  spot 
surrounded  by  a  ring  of  bright  yellow,  and  a  brown  ring  outside  of  all.  As  the 
skate  growls  large  this  spot  disappears,  I  have  noticed  it  only  on  very  small  ones, 
and  the  Haidahs  informed  me  that  it  is  from  this  peculiar  spot  that  they  got  their 
elliptical  designs,  which  are  to  bo  seen  in  many  of  their  paintings,  and  particularly 
in  Fig.  12. 

Figs.  14,  15,  and  16  (Plate  7),  representing  the  Skamsom  or  thunder  bird,  squid 
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(octopus),  noo,  and  the  frog,  T l-kam-kostan,  were  copied  from  the  tattooed  marks  on 
Kitkagens ;  the  skamson  or  sJcamsguin  on  his  back,  the  7100  on  front  of  each  thigh, 
and  the  Tl-kant-hostan  on  each  ankle. 

The  designs  which  I  have  copied  and  descrihed  ure  but  a  portion  of  the  whole 
which  were  tattooed  on  the  persons  of  this  party ;  but  the  limited  time  they  remained 
did  not  enable  me  to  make  a  very  extended  examination.  Enough,  however,  has 
been  obtained  to  show  that  this  subject  is  one  of  great  ethnological,  value,  and  if 
followed  np  with  zeal  and  intelligence  would  be  certain  to  produce  interesting 
results. 

The  method  by  which  I  determined  with  accuracy  the  meaning  of  these  various 
carvings  and  tattoo  designs  was  by  natural  objects,  by  alcoholic  specimens  of  frogs 
and  crayfish,  by  dried  specimens,  by  carvings  of  bears  and  seals,  and  by  pictures, 
and  by  the  mythological  drawings  of  similar  objects  which  I  had  previously  obtained 
and  determined  among  the  Makalis. 

The  Haidahs,  in  explaining  to  me  the  meaning  of  their  various  designs,  pointed 
to  the  articles  I  had,  and  thus  proved  to  me  what  they  meant  to  represent. 

The  tattoo  marks  of  the  codfish,  squid,  humming-bird,  etc.,  never  could  have 
been  determined  from  any  resemblance  to  those  objects,  but  by  having  the  spe- 
cimens and  pictures  before  me  they  could  easily  point  each  one  out.  Nor  was  I 
satisfied  until  I  had  submitted  my  drawings  to  other  Indians,  and  proved  by  their 
giving  the  same  names  to  each,  that  my  first  informant  had  told  me  correctly. 
The  allegorical  meaning,  however,  will  require  for  determination  time  and  carefid 
study.  Indians  are  very  peculiar  in  giving  information  relative  to  their  myths  and 
allegories.  Even  when  one  is  well  acquainted  with  them  and  has  their  confidence, 
much  caution  is  required,  and  it  is  useless  to  attempt  to  obtain  any  reliable  infor- 
mation unless  they  are  in  the  humor  of  imparting  it. 

I  have  observed  another  peculiarity  among  the  Haidahs,  They  do  not  seem  to 
have  any  particular  standard  style  of  drawing  their  figures ;  consequently,  unless  a 
person  is  familiar  enough  with  the  general  idea  to  be  conveyed,  it  would  be  diffi- 
cult to  determine  the  meaning  either  of  a  carving  or  drawing,  unless  the  Indian 
was  present  to  explain  what  he  intended  to  represent.  Por  instance,  Figs,  6  and  16 
are  drawn  by  two  different  Indians,  and  both  represent  the  frog.  The  bear,  beaver, 
and  Wasko  or  wolf,  are  different  in  the  carvings  from  the  tattoo  designs,  and  so  of 
other  tattoo  figures.  StiU,  there  are  certain  peculiarities  which,  once  known,  will 
enable  one  readily  to  determine  what  the  correct  meaning  is.  I  have  even  known 
the  Indians  themselves  to  be  at  a  loss  to  teU  the  meaning  of  a  design.  I  will  cite 
one  instance  illustrative  of  this.  One  of  the  Haidahs  brought  me  a  bone  which 
he  had  rudely  carved  to  resemble  an  animal ;  I  pronounced  it  without  hesitation  to 
be  a  lizard.  He  said  he  would  leave  it  with  me  till  the  next  day,  and  would  then 
tell  me  what  it  was.  I  showed  it  to  several  Indians  in  the  mean  time,  and  they 
thought  as  I  did,  that  it  was  a  lizard  or  newt.  Any  person  on  the  Atlantic  coast 
would  have  pronounced  it  an  alligator.  After  we  had  exhausted  our  guessing, 
the  Indian  who  carved  it  said  it  was  an  otter,  and  pointed  to  its  teeth  which  were 
the  only  distinguishing  features  to  prove  that  it  was  not  a  lizard  or  a  crocodile. 
The  carvings  of  the  pillars  are  thought  by  many  persons  to  resemble  Chinese  or 
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Japanese  work,  and  in  order  to  satisfy  myself  upon  that  point,  I  showed  the 
carvings  to  a  party  of  very  intelligent  Japanese  who  visited  Port  Townsend  several 
months  since.  They  examined  them  carefully  and  critically,  and  pronounced  them 
entirely  unlike  anything  they  had  ever  seen  in  their  own  country.  In  fact,  they 
seemed  as  much"  interested  with  the  specimens  as  our  own  people.  I  have  seen 
similar  carvings  by  the  natives  of  the  Feejee  Islands,  but  on  the  northwest  coast 
they  are  confined  almost  exclusively  to  the  Haidahs  on  Queen  Charlotte's  Island, 
and  to  the  Chimseans  on  the  mainland.  The  carvings  I  particularly  allude  to  are 
those  representing  several  figures  one  above  the  other,  as  shown  by  the  sketches 
and  photographs,  of  the  carved  posts  or  pillars  placed  before  the  entrances  to  their 
houses. 

The  limited  time  the  Haidahs  were  at  Port  Townsend  did  not  enable  me  to  ascer- 
tain the  origin  of  this  system  of  carving,  or  of  their  custom  of  tattooing  their 
bodies ;  what  little  information  I  did  obtain  was  given  with  evident  reluctance ; 
but,  as  we  became  more  acquainted  and  they  began  to  understand  what  my  object 
was  in  obtaining  information,  they  became  more  communicative,  and  promised  me 
that  this  present  summer  (1874)  they  would  again  be  here  and  would  bring  more 
carvings  and  would  give  me  all  the  information  I  wished. 

Plate  No.  2,  fig.  8,  shows  a  tattoo  design  of  a  halibut,  and  a  painting  on  a 
buckskin  cape  representing  the  thunder  bird  of  the  Sitka  Indians,  worn  by  a  medi- 
cine man  during  his  incantations. 

The  belief  in  the  thunder  bird  is  common  with  all  the  tribes  of  the  northwest 
coast,  and  is  pictured  by  each  tribe  according  to  their  fancy.  I  have  traced  this 
allegory  from  the  Chenooks,  at  the  mouth  of  the  Columbia,  through  all  the  coast 
tribes  to  Sitka.  The  general  idea  is  the  same  throughout ;  it  is  a  belief  in  a  super- 
natural being  of  gigantic  stature,  who  resides  in  the  mountains  and  has  a  human 
form,  "When  he  wishes  for  food  he  covers  himself  with  wings  and  feathers  as  one 
would  put  on  a  cloak.  Thus  accoutred,  he  sails  forth  in  search  of  prey.  His 
body  is  of  such  enormous  size  that  it  darkens  the  heavens,  and  the  rustling  of  his 
wings  produces  thunder. 

The  lightning  is  produced  by  a  fish,  like  the  Hypocampus,  which  he  gets  from 
the  ocean  and  hides  among  his  feathers.  When  he  sees  a  whale  he  darts  one  of 
these  animals  down  with  great  velocity,  and  the  lightning  is  produced  by  the 
creature's  tongue,  which  is  supposed  to  be  like  that  of  the  serpent.  This  is  the 
general  idea  of  the  mythological  legend,  slightly  altered  in  the  narrative  by  different 
tribes  and  differently  depicted  by  various  painters. 

The  Haidahs  seem  to  have  the  greatest  variety  of  designs,  and  they  seem  to  be 
the  principal  tribe  who  tattoo  themselves  to  any  extent.  Where  they  acquired 
the  practice  or  from  whom  it  was  learned,  it  will  be  difficult  to  determine.  This 
is  an  interesting  ethnological  question,  and  worthy  of  further  investigation. 

Among  other  customs  of  the  Haidahs  which  1  observed  is  the  practice  of 
gambling,  which  is  common  among  all  the  North  American  Indians. 

In  my  paper  on  the  Indians  of  Cape  Flattery,  published  by  the  Smithsonian 
Institution  (No.  220),  I  have  given  an  account  of  the  gambling  implements  of  the 
Makahs,  which  consist  of  circular  disks  of  wood,  highly  polished  and  marked  on 
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the  edges  to  designate  their  value.  The  Haidahs,  instead  of  disks,  use  sticks  or 
pieces  of  wood  four  or  five  inches  long,  and  a  quarter  of  an  inch  thick.  These 
sticks  arc  rounded  and  beautifully  polished.  They  axe  made  of  yew,  and  each 
stick  has  some  designating  mark  upon  it.  There  is  one  stick  entirely  colored  and 
one  entirely  plain.  Each  player  will  have  a  bunch  of  forty  or  fifty  of  these  sticks, 
and  each  will  select  either  of  the  plain  sticks  as  his  favorite,  just  as  in  backgammon 
or  checkers  the  players  select  the  black  or  white  pieces.  The  Indian  about  to 
play,  takes  up  a  handful  of  these  sticks,  and,  putting  them  under  a  quantity  of 
finely-separated  cedar  bark,  which  is  as  fine  as  tow  and  kept  constantly  near  him, 
he  divides  the  pins  into  two  parcels  which  he  wraps  up  in  the  bark  and  passes 
them  rapidly  from  hand  to  hand  under  the  tow,  and  finally  moves  them  round  on 
the  ground  or  mat  on  which  the  players  are  always  seated,  still  wrapped  in  the  fine 
bark,  but  not  covered  by  the  tow.  His  opponent  watches  every  move  that  is  made 
from  the  very  first  with  the  eagerness  of  a  cat,  and  finally,  by  a  motion  of  his 
finger,  indicates  which  of  the  parcels  the  winning  stick  is  in.  The  player,  upon 
such  indication,  shakes  the  sticks  out  of  the  bark,  and  with  much  display  and  skill 
throws  them  one  by  one  into  the  space  between  the  players  till  the  piece  wanted 
is  reached,  or  else,  if  it  is  not  there,  to  show  that  the  game  is  his.  The  winner 
takes  one  or  more  sticks  from  his  opponent's  pile,  and  the  game  is  decided  when 
one  wins  all  the  sticks  of  the  other. 

As  neither  of  the  players  can  see  the  assortment  of  the  sticks,  the  game  is  as 
fair  for  one  as  the  other,  and  is  as  simple  in  reality  as  "  odd  or  even"  or  any  child's 
game.  But  the  ceremony  of  manipulation  and  sorting  the  sticks  under  the  bark 
tow  gives  the  game  an  appearance  of  as  much  real  importance  as  some  of  the  skilful 
combinations  of  white  gamblers. 

The  tribes  nortli  of  Vancouver's  Island,  so  far  as  my  observation  has  extended, 
use  this  style  of  sticks  in  gambling,  while  the  Selish  or  Flat-heads  use  the  disks. 
Some  persons  have  termed  this  game  Odd  and  Even,  and  others  have  designated  it 
Jack  Straws;  hut  the  game  as  played  by  the  Haidabs  is  as  I  have  described  it. 

Kitkun,  the  chief  whom  I  have  alluded  to,  came  to  my  office  one  day  with  one 
of  his  tribe,  and  took  quite  an  interest  in  explaining  the  gome.  The  two  men 
played  slowly  at  first,  the  Chief  explaining  as  the  game  proceeded,  till  finally  they 
played  with  their  usual  earnestness  and  rapidity,  and  I  found  that  the  game,  with 
its  accompaniment  of  singing  and  beating  time,  was  quite  as  exciting  and  as  inter- 
esting as  any  Indian  game  I  ever  witnessed.  Sometimes  the  game  is  played 
between  only  two  persons,  at  other  tinies  a  dozen  may  be  seen  seated  on  each  side, 
particularly  when  different  bands  meet.  Then  the  excitement  is  intense,  and  the 
game  is  kept  up  day  and  night  without  intermission,  and  some  Indians  lose  every- 
thing they  possess,  and  come  out  of  the  play  stark  naked  and  remain  in  a  state  of 
nudity  till  some  friend  gives  them  a  blanket  or  an  old  shirt. 

It  is  probable  that  the  Haidahs  have  other  gambling  games,  but  I  have  seen 
only  this  kind,  and  the  game  which  Kitkun  explained  to  me  was  played  with  a 
bunch  of  sticks  which  I  obtained  in  Sitka,  showing  that  the  northern  tribes  have 
the  same  game  with  sticks,  in  common,  as  the  Selish  or  Flat-head  Indian  tribes 
have  a  common  game  with  disks. 
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The  Haidah  Indians  have  another  custom  which  I  have  not  observed  among  any 
of  the  tribes  of  the  northwest  coast,  with  the  exception  of  these  people.  It  is  the 
practice  of  cremation  or  burning  the  bodies  of  any  of  their  friends  who  may  die 
while  ahsent  from  their  homes.  An  instance  of  this  kind  came  under  my  obser- 
vation at  Port  Townsend,  W.  T.,  on  Sunday,  March  29th,  1874.  A  large  party  of 
men,  women,  and  children,  numbering  about  one  hundred  and  fifty  persons,  had 
been  encamped  for  a  couple  of  weeks  on  the  beach.  One  of  the  men  who  had 
heen  at  work  at  the  saw-mill  in  Port  Discovery,  some  seven  or  eight  miles  distant 
from  Port  Townsend,  had  died  there,  and  his  body  had  been  brought  around  to 
Port  Townsend.  On  the  morning  of  the  day  named,  the  party  broke  up  their 
camp  and  moved  in  slow  procession  in  six  large  canoes  to  Point  Wilson,  near 
Port  Townsend,  where  a  pile  of  drift  logs  was  formed  into  a  sort  of  altar  and 
the  body  placed  upon  it,  and  the  whole  reduced  to  ashes;  the  women  singing 
their  death  songs,  amid  liowlings,  beating  of  tambourines,  and  other  savage  dis- 
plays. When  the  whole  was  burned,  one, old  woman  gathered  the  charred  bones 
and  placed  them  in  a  box,  and  the  whole  party  left  for  Victoiia,  Btitish  Columbia, 
on  their  way  home  to  Queen  Charlotte's  Islands. 

I  asked  one  of  the  Indians  why  they  burned  tlie  body.  He  replied  that  if  they 
buried  it  in  a  strange  land  their  enemies  would  dig  it  up  and  make  charms  with 
it  to  destroy  the  Haidah  tribe.  This  is  the  only  instance  of  the  kind  which  has 
come  under  ray  own  immediate  observation,  but  I  have  been  informed  by  other 
persons  that  they  have  observed  the  same  practice  on  other  occasions,  but  I  am 
not  prepared  to  say  whether  cremation  is  a  general  custom  among  the  Haidahe, 
or  only  confined  to  particular  cases  like  the  one  I  have  described. 

The  Haidahs  are  one  of  the  most  interesting  tribes  1  have  met  with  on  the 
northwest  coast.  Their  insular  position  and  the  marked  difference  in  their  manners 
and  customs  from  the  Indians  of  the  mainland  give  me  reason  to  think  that  very 
interesting  and  valuable  results  in  ethnology  can  be  had  by  a  thorough  investigation 
among  the  villages  on  the  islands.  Their  carved  images,  their  manufactures  in 
wood  and  stone,  and  in  silver  ornaments,  and  other  evidences  of  their  present 
skill,  and  the  rich  stores  of  material  of  a  former  age  to  be  found  in  the  shell 
heap  remains,  are  matters  well  worthy  of  the  careful  consideration  of  those  who 
desire  to  make  up  a  history  of  the  coast  tribes  of  the  northwest,  British 
Columbia  is,  as  it  were,  sandwiched  between  Alaska  and  Washington  Territory, 
and  a  description  of  the  coast  Indians  from  the  Columbia  Kiver  to  the  Siberian 
borders,  cannot  be  complete  without  including  the  Indians  of  Vancouver's  Island, 
Queen  Charlotte's  Islands,  and  the  adjacent  mainland. 

I  am  of  the  opinion  that  it  will  be  found  more  economical  and  attended  with 
better  and  more  satisfactory  results,  to  have  such  investigations  pursued  by  persons 
resident  on  the  northwest  coast,  rather  than  to  entrust  them  to  the  very  limited 
visits  of  scientific  expeditions.  Investigations  of  this  kind  require  time  and  care- 
ful study  before  correct  results  can  be  arrived  at, 

A  knowledge  of  the  habits,  manners,  and  customs  of  the  natives,  and  a  general 
understanding  of  the  language,  is  of  the  first  importance.  The  persori  making 
the  investigation    should  be  his  own    interpreter,  and    these  requisites  can    bo 
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attained  only  by  a  long  residence  and  observation  among  these  Indians.  Tiie  im- 
pressions of  casual  travellers  are  not  always  reliable,  nor  are  the  interpreters  who 
generally  accompany  scientific  expeditions  always  capiiblc  of  understanding  cor- 
rectly what  they  are  required  to  translate. 

It  is  interesting  to  read  the  reports  and  observations  of  the  early  voyages  of 
Cook,  La  Perouse,  Portlock  and  Dixon,  Marchand,  and  others  who  have  visited 
Queen  Charlotte's  Island,  and  see  how  little  they  really  knew  or  understood  about 
these  natives. 

The  best  account  that  I  have  seen,  and  that  is  but  a  meagre  one,  is  in  Mar- 
chand's  Voyage  Round  the  "World,  performed  during  the  years  1770  '71,  '72, 
in  the  "  Solidc,"  a  ship  fitted  out  in  France  for  the  purpose  of  trading  on  the 
Northwest  coast  of  America,  But  Marchand  and  all  the  other  early  voyagers 
labored  under  a  very  great  difficulty ;  they  did  not  understand  the  language  of  the 
natives,  and  their  only  means  of  intercourse  was  by  signs.  Hence  we  find  the 
accounts  of  the  voyages  of  every  nation,  Spanish,  Portuguese,  French,  and  English, 
full  of  theories,  and  scarce  any  two  alike.  When  the  narrators  confine  themselves 
to  descriptions  of  things  which  they  saw,  such  as  the  dwellings,  carvings,  canoes, 
and  other  manufactures,  and  the  usual  appearance  of  the  natives,  their  accounts 
generally  agree  ;  but  when  they  commence  to  form  hypotheses  on  itnaginary  mean- 
ings of  the  things  they  saw,  they  are  lamentably  at  fault. 

The  following  description  of  a  house  at  Cloalf  Bay,  on  North  Island,  the  most 
northerly  island  of  the  group,  gives  a  general  idea  of  a  Haidah  house  of  the  pre- 
sent day.     I  quote  from  Marchand: — 

"  The  form  of  these  habitations  is  that  of  a  regular  parallelogram,  from  forty- 
five  to  fifty  feet  in  front,. by  thirty-five  in  depth.  Six,  eight,  or  ten  posts,  cut  and 
planted  in  the  ground  on  each  front,  form  the  enclosure  of  a  habitation,  and  are 
fastened  together  by  planks  ten  inches  in  width,  by  three  or  four'  in  thickness, 
which  are  solidly  joined  to  the  posts  by  tenons  and  mortises ;  the  enclosures,  six  or 
seven  feet  high,  are  surmounted  by  a  roof,  a  little  sloped,  the  summit  of  which  is 
raised  from  ten  to  twelve  feet  above  the  ground.  These  enclosures  and  the  roofing 
are  faced  with  planks,  each  of  which  is  about  two  feet  wide.  In  the  middle  of  the 
roof  is  made  a  large  square  opening,  which  afibrds,  at  once,  both  entrance  to  the 
light,  and  issue  to  the  smoke.  There  are  also  a  few  small  windows  open  on  the 
sides.  These  houses  have  two  stories,  although  one  only  is  visible,  the  second  is 
under  ground,  or  rather  its  upper  part  or  ceiling  is  even  with  the  surface  of  the 
place  in  which  the  posts  are  driven.  It  consists  of  a  cellar  about  five  feet  in  depth, 
dug  in  the  inside  of  the  habitation,  at  the  distance  of  six  feet  from  the  walls 
throughout  the  whole  of  the  circumference.  The  descent  to  it  is  by  three  or  four 
steps  made  in  the  platform  of  earth  which  is  reserved  between  the  foundations  of 
the  walls  and  the  cellar;  and  these  steps  of  earth  well  beaten,  are  cased  with 
planks  which  prevent  the  soil  from  falling  in.  Beams  laid  across,  and  covered 
with  thick  planks,  form  the  upper  floor  of  this  subterraneous  story,  which  preserves 
from  moisture  the  upper  story,  whose  floor  is  on  a  level  with  the  ground.  This 
cellar  is  the  winter  habitation." 

The  entrance  door  of  their  edifices  is  thus  described : — 
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"This  door,  the  threshold  of  which  is  about  a  foot  and  a  half  above  the  ground, 
is  of  an  elliptical  figure ;  the  great  diameter,  which  is  given  by  the  height  of  ths 
opening,  is  not  more  than  throe  feet,  and  the  small  diameter,  or  the  breadth,  is  not 
more  than  two.  This  opening  is  made  in  the  thickness  of  a  large  trunk  of  a  tree 
which  rises  perpendicularly  in  the  middle  of  one  of  the  fronts  of  the  habitation, 
aud  occupies  the  whole  of  its  height;  it  imitates  the  form  of  a  gaping  human 
mouth,  or  rather  that  of  a  beast,  and  it  is  surmounted  by  a  hooked  nose  about  two 
feet  in  length  proportioned  in  point  of  size  to  the  monstrous  face  to  which  it 
belongs.  *  *  *  #  Over  the  door  is  the  figure  of  a  man  carved,  in  a  crouching 
attitude,  and  above  this  figure  rises  a  gigantic  statue  of  a  man  erect,  which  termi- 
nates the  sculpture  and  the  decoration  of  the  portal.  The  head  of  this  statue  is 
dressed  with  a  cap  in  the  form  of  a  sugar-loaf,  the  height  of  which,  is  almost  equal 
to  that  of  the  figure  itself.  On  the  parts  of  the  surface  which  are  not  occupied  by 
the  capital  subjects,  are  interspersed  carved  figures  of  frogs  or  toads,  lizards,  and 
other  animals." 

This  description  by  Marquand  is  that  of  the  houses  of  the  present  inhabitants. 
The  hooked  nose  mentioned  is  the  Skamsquin  or  eagle;  and  the  sugar-loaf  hat  is 
the  Tad'ii  shillik. 

If  Marquand  had  been  able  to  procure  the  services  of  a  skilled  interpreter, 
he  and  his  officers  could  have  ascertained  the  true  meaning  of  these  emblems  as 
easily  as  I  have  done;  but  not  being  able  to  exchange  ideas  with  the  natives,  they 
came  to  their  conclusions,  and  framed  their  theories  by  a  series  of  guesses ;  and  as 
all  the  early  explorers  formed  their  theories  of  the  Indians  upon  the  same  lucid 
basis,  it  is  not  to  he  wondered  at  that  so  much  of  error  has  found  place  in  all  their 
narratives.  It  is,  however,  a  source  of  srirprise,  that,  since  the  time  of  those  old 
voyagers,  a  lapse  of  nearly  a  century,  no  one  has  attempted  to  give  a  description 
of  those  islanders,  or  to  explain  the  simple  meaning  of  their  devices.  The  Queen 
Charlotte's  group  presents  to-day  as  fresh  a  field  for  the  ethnologist  and  archEeolo- 
gist  as  if  no  explorers  had,  ever  set  foot  upon  their  shores. 

Of  the  extent  and  nature  of  these  carvings,  Marquand  adds:  — 

"  These  works  of  sculpture  cannot  undoubtedly  be  compared  in  any  respect  to 
the  master-pieces  of  ancient  Greece  and  Rome,  But  can  we  avoid  being  astonished 
to  find  them  so  numerous  on  an  island  which  is  not,  perhaps,  more  than  six 
leagues  in  circumference,  where  population  is  not  extensive,  and  among  a  nation 
of  hunters  %"  The  writer  was  alluding  to  North  Island,  one  of  the  smallest  of  the 
group;  and  when  it  is  remembered  that  in  every  village  on  every  one  of  the  islands 
of  the  group  these  sculptures  are  quite  as  abundant,  some  idea  can  be  formed  of 
the  number  to  be  seen  on  Queen  Charlotte's  Islands.  "Is  not  our  astonishment 
increased,"  adds  Marquand,  "when  we  consider  the  progress  these  people  have 
made  in  architecture'?  What  instinct,  or,  rather,  what  genius,  it  has  required  to 
conceive  and  execute  soHdly,  without  the  knowledge  of  the  succors  by  which 
mechanism  makes  up  for  the  weakness  of  the  improved  man,  those  edifices,  those 
heavy  frames  of  buildings  of  fifty  feet  in  extent  by  eleven  in  elevation  !  Men  who 
choose  not  to  be  astonished  at  anything  will  say,  the  beaver  also  builds  his  house; 
yes,  but  he  does  not  adorn  it ;  nature,  however,  has  given  the  beaver  the  instru- 
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ment  necessary  for  building  it ;  she  has  certainly  placed  the  man  of  the  forest  in 
the  middle  of  the  materials  with  which  to  construct  his ;  but  he  has  been  under 
the  necessity  of  creating  the  varying  tools  without  which  he  could  not  employ 
those  materials.  A  sharp  stone,  hafted  on  a  branch  of  a  tree,  the  bone  of  a  quad- 
ruped, the  bone  of  one  fish,  and  the  rough  skin  of  another,  form  instruments  more 
■  fit  to  exercise  patience  than  to  help  industry,  and  which  would  have  been  ineffectual 
in  seconding  his  efforts,  if  fire  which  he  discovered,  and  the  action  of  which  he 
learnt  to  regulate  and  direct,  had  not  come  to  the  assistance  of  his  genius,  and 
of  the  art  which  he  executes  through  the  impulse  of  genius." 

When  we  examine  the  whole  of  the  operations  necessary  for  constructing  and 
ornamenting  one  of  the  edifices  which  I  have  just  described,  when  we  reflect  on 
this  assemblage  of  useful  arts,  and  of  those  which  are  merely  agreeable,  we  are 
forced  to  acknowledge  that  these  arts  have  not  taken  birth  on  the  small  islands 
where  they  are  cultivated ;  they  come  from  a  greater  distance. 

Marquand  observes  that  "  the  distinction  between  the  winter  and  summer  habita- 
tions of  the  Queen  Charlotte  Islanders,  recalls  to  mind  the  custom  of  the  Kamt- 
schadales,  who  have  their  halagana  iox  summer  and  their  yottrfe  for  winter;  the 
former  erected  on  posts  or  pillars,  twelve  or  thirteen  feet  in  height,  and  the  latter 
dug  in  the  ground  and  covered  with  a  roof:  it  is  even  remarked  that  some  of  the 
halagans  have  oval  doors." 

The  country  of  these  Kamtschadales,  as  we  know,  is  a  peninsula  of  north- 
eastern Asia,  and  seems  to  show  that  this  style  of  houses  of  northern  Asia  must 
have  been  introduced  by  immigration  at  some  remote  period  from  that  region.  In 
fact  everything  seems  to  prove  that  Asia  peopled  the  northwest  coast  of  America, 
the  huildings,  the  manners  and  customs  and  general  appearance  of  the  natives 
from  Vancouver's  Island  to  the  Siberian  Coast,  are  very  similar,  and  in  certain 
respects  nearly  identical. 

Marquand  thinks,  and  my  own  observations  certainly  verify  the  theory,  "that  it 
is  not  without  the  sphere  of  probability,  that  the  northwest  coast  should  reckon 
three  species  of  inhabitants ;  of  the  first  date,  the  men  who  might  belong  origin- 
ally to  the  very  soil  of  America,  if  we  adopt  the  opinion,  that  this  large  country 
had  its  own  men  or  aborigines,  as  it  has  its  animals  and  its  plants,"  a  view  which 
.  is  coincided  in  by  Sir  Charles  Lyell,  Agassiz,  Forshey,  Morton,  Squire,  and  other 
eminent  authorities.  This  first  class  of  inhabitants  I  have  in  this  paper  termed 
Selish,  or  Flat  Heads. 

The  second  species  are  the  Asiatics  of  the  north,  whose  transmigration  seems  to 
have  been  retarded  at  Queen  Charlotte's  Islands,  and  to  have  stopped  at  Van- 
couver's Island;  and  lastly,  and  of  the  third  date,  the  Mexicans,  who  fled  for 
refuge  to  the  coast  after  the  destruction  of  their  empire,  and  whopeopled  the  Cali- 
fomias,  and  wandered  north  and  mingled  with  the  Selish  Marquand  says,  "that 
everywhere  on  the  Queen  Charlotte's  Islands  appear  the  traces  of  an  ancient  civili- 
zation; everything  indicates  that  the  men  with  whom  they  had  the  opportunity  of 
being  acquainted  have  belonged  to  a  great  people,  who  were  fond  of  the  agreeable 
arts,  and  knew  how  to  multiply  the  productions  of  them." 
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I  feel  a  great  confidence  that  in  the  shell  heap  remains  to  be  found  on  those 
islands,  as  well  as  in  the  caves  and  the  mausoleums  of  the  dead,  may  be  discovered 
relics  of  antiquity  which  will  well  repay  the  archEeologist  for  exploring  them ;  and 
that  on  these  islands  may  be  discovered  those  evidences  which  will  form  the  miss- 
ing link  in  the  chain  of  testimony  which  will  add  to  the  history  of  the  origin  of 
the  North  American  Indians,  and  perhaps  enable  us  to  trace  with  greater  certainty 
those  ancient  annals  which  are  now  hidden  in  mist  and  obscurity,  and  only  darkly 
hinted  at  in  the  shadowy  legends  and  mythological  lore  crooned  over  by  the  ancient 
men  and  women,  and  handed  down  to  after  generations,  who  add  to  every  fresh 
recital  an  additional  sprinkling  of  the  dust  of  obscurity, 

I  have  already,  in  my  former  writings  on  the  Indians  of  the  northwest  coast,' 
alluded  to  the  Mexican  terminal  tl,  as  occurring  in  the  vocabularies  of  the  Chi- 
nooks,  Chihalis,  Quenaiiilt,  and  Makah  Indians  of  the  west  coast  of  Washington 
Territory,  a  fact  noticed  by  Anderson — who  compiled  the  vocabulary  of  the  Nootkan 
language,  which  is  in  the  Journal  of  Cook's  Third  Voyage,  and  in  that  of  Mar- 
quand  and  others.  A  reference  to  my  vocabulary  of  the  Makah  Indians  (Smith- 
sonian Contributions  to  Knowledge,  220)  will  show  it  to  be  rich  in  words  having 
that  terminal.  Hence  the  supposition  that  while  the  Selish  retained  their  identity 
as  separate  and  distinct  from  the  Asiatic  tribes,  they  did  receive  an  influx  from  the 
hordes  of  Mexico,  and  from  them  obtained  words  which  have  become  engrafted 
into  their  language  during  a  lapse  of  centuries,  just  as  we  can  now  perceive  the 
use  of  English  words  already  among  those  Coast  Indians,  who  for  many  years  have 
had  intercourse  with  the  traders  of  the  Hudson's  Bay  Company,  and  the  use  of 
certain  Russian  words  among  the  natives  of  Alaska,  from  their  intercourse  with 
the  traders  of  the  Russian  American  Fur  Company. 

But  the  vocabularies  of  the  early  voyagers  are  not  correct.  No  two  of  them  are 
alike,  a  fact  which  is  to  be  attributed,  in  part,  to  there  being  at  that  time  no 
recognized  standard  for  spelling  Indian  words,  and  in  part  to  the  difficulty  of 
understanding  the  natives.  I  will  illustrate  this  by  a  remarkable  error.  The 
word  Nootka,  as  it  is  usually  spelled,  or  Nutka,  as  it  should  be  spelled,  is  not  the 
name  of  a  place  or  a  people ;  and  it  is  surprising  to  me  how  the  intelligent  per- 
sons who,  for  so  long  a  time,  made  "  Nootka"  their  head-quarters,  and  named  the 
tribe  Nootka  Indians,  and  even  the  authors  of  the  treaty  (the  Nootkan  Treaty), 
between  Great  Britain  and  Spain,  should  not  have  discovered  the  error. 

The  mistake  arose  in  this  way.  The  Indians  have  a  custom  of  forming  a  ring, 
taking  hold  of  each  other's  hands,  and  running  or  dancing  in  a  circle.  This  is 
termed  '■'■Nootka"  and  was  explained  to  me  by  a  Clyoquot  Indian  who  resides  near 
Nootka,  and  who  could  speak  English.  He  said,  if  you  run  round  your  house,  or 
round  a  canoe,  or  dance  round  in  a  circle,  we  say  "  Nootka"  and  he  remarked  that, 
probably  the  Indians  were  dancing  on  the  beach  at  the  time  the  ethnologist  of 
Cook's  Expedition  was  asking  the  name  of  the  country,  or  the  people ;  and  the 
Indian,  thinking  he  asked  what  the  people  were  doing  on  the  beach,  said  Nootka, 


'  "The  Northwest  Coast,  or  Three  Years  ia  Waahiagton  Territory,"  Harper  &  Bros.,  1851 ;  and 
"The  Indians  of  Cape  Flattery,"  Sraitfaeonian  Institution  (220). 
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and  the  white  people  having  called  the  place  and  people  Nootka,  the  Indians  took 
no  pains  to  undeceive  them.  This  is  very  common  for  Indians  to  do,  even  with 
their  own  names,  or  the  names  of  their  friends.  If  a  stranger,  and  ])articularly  a 
white  man,  makes  a  mistake  in  pronouncing  or  applying  an  Indian  name,  they 
think  it  a  good  joke,  and  wish  to  perpetuate  it.  For  instance,  a  white  man  asked 
an  Indian,  "  what  is  your  name  V  He  replied,  ^^Hdlo"  which  means,  I  have  none. 
The  man  thought  that  was  the  Indian's  name,  and  always  called  him  Halo.  The 
tribe  liked  the  joke,  and  to  this  day  this  Indian  is  known  among  the  whites  as 
Halo,  and  is  so  cEilled  by  his  tribe. 

Numberless  instances  could  be  adduced  to  show  this  verj'  common  custom  of  the 
coast  Indians,  to  take  no  pains  to  correct  mistakes  in  language,  but  to  consider 
such  errors  as  good  jokes  which  are  to  be  kept  in  perpetuity. 

This  illustration  will  serve  to  show  how  easy  and  natural  it  was  for  the  white 
man  to  make  the  mistake;  and  liow  very  natural  it  was  for  the  Indians  to  keep  up 
the  error  with  every  succeeding  party  of  white  men  who  visited  them.  They 
thought  if  Captam  Cook  called  the  place  Nootka,  it  must  be  so,  whether  the 
Indians  called  it  so  or  not.  The  correct  name  of  the  place  is  Mowatchat,  or  Bowat- 
chat,  which  means,  the  place  of  the  deer,  from  Bokwitch,  a  deer,  which  word  has 
been  changed  in  the  Jargon  to  Mowitch,  a  deer.  Since  the  white  men  have  called 
the  place  for  so  many  years  Nootka,  the  Indians  speak  of  it  to. a  white  man  under 
that  name,  just  as  they  speak  of  the  towns  which  have  been  settled  by  the  whites, 
as  Victoria,  or  Port  Townsend,  or  Dungeness,  but  among  themselves  they  invari- 
ably call  the  place  and  people  by  their  Indian  names,  and  the  Nootkans  always 
laugh  at  the  mistake  the  white  man  made  in  naming  them  and  their  country  after 
a  dance. 

I  will  not,  at  this  time,  press  further  this  discussion  upon  a  subject  which  to 
perfectly  understand  will  need  extended  observations  to  be  made  upon  the  spot,  and 
would  require  an  explanation  that  would  carry  me  beyond  the  limits  to  which  I 
purpose  to  confine  myself  in  this  present  paper.  I  trust  that  it  will  be  sufficient 
for  me  to  have  shown  that  the  subject  of  the  carvings  in  wood  and  stone  and 
precious  metals,  the  paintings  and  tattoo  marks  of  the  Haidahs,  is  one  of  very 
great  interest,  and  one  which  not  only  never  has  been  properly  explained,  but 
never  properly  understood. 

When  we  reflect  on  the  great  number  of  centuries  during  which  all  knowledge 
of  the  interior  of  the  Pyramids  of  Egypt  was  hidden  from  the  world,  until  the 
researches  of  Belzoni  discovered  their  secret  treasures,  and  until  ChampoUion,  by 
aid  of  the  Eosetta  stone,  was  enabled  to  decipher  their  hieroglyphical  writings, 
may  we  not  hope  that  the  knowledge  of  the  ancient  history  of  the  natives  of  the 
northwest  coast,  which  has  so  long  been  an  enigma,  may  be  traced  out  by  means 
of  the  explanation  of  the  meaning  of  the  symbols  such  as  I  have  been  enabled  to 
discover  in  part,  and  have  in  this  paper  described? 

This  very  brief  memoir;  made  daring  the  visit  of  a  party  of  Haidah  Indians  for 
a  few  weeks  in  Port  Townsend,  will  serve  to  show  what  could  be  effected  if  the 
,  Government  would  empower  some  person  here,  and  appropriate  sufficient  funds  to 
be  expended  in  these  ethnological  and  archEeological  researches. 


Hosted  by 


Google 


QTJEEK"    CHARLOTTE'S    ISLAMDS,    BRITISH    COLUMBIA.        1.5 

Port  Townsend  is  a.  place  peculiarly  adapted  to  the  prosecution  of  these  investi- 
gations. Its  near  proximity  to  Victoria,  where  hundreds,  and  sometimes  thousands 
of  the  northern  Indians  congregate  every  spring  for  purposes  of  trade,  will  enable 
the  observer  to  collect  rich  stores  of  material,  in  addition  to  what  may  be  obtained 
here  by  the  same  Indians  when  they  visit  Puget  Sound. 

These  Indians,  heretofore,  have  disposed  of  all  their  curiosities  and  other  pro- 
ducts in  "Victoria  before  coming  to  the  American  side.  But  I  am  of  the  opinion 
that  hereafter  they  will  bring  their  wares  to  Port  Townsend,  having  found  by  the 
experience  of  the  past  summer  that  they  can  dispose  of  all  their  manufactures  here. 
During  the  past  summer  we  have  had  Indians  in  Port  Townsend  from  Kwe-nai-ult, 
Kwiiiehuyte,  and  Cape  Flattery,  on  the  American  coast,  and  from  Nittinat,  Clyo- 
quot,  Nootka,  and  other  tribes  on  the  west  coast  of  Vancouver's  Island,  as  well  as 
the  Haidahs,  Chimseans,  and  other  tribes  north  of  Vancouver's  Island  as  far  as 
Sitka.  A  steamship  leaves  Puget  Sound  once  every  month  for  Sitka,  and  the 
United  States  Revenue  vessels  of  this  district  make  frequent  excursions  as  far 
north  as  Behring's  Strait.  Arrangements  could  undoubtedly  be  made  by  which  an 
authorized  person  could  have  conveyance  to  any  point  north  that  it  might  be 
desirable  to  visit,  and  could  remain  as  long  as  required. 

The  field  of  observation  on  the  northwest  coast  is  very  extensive,  and  cannot 
be  exhausted  for  many  years.  It  is  a  field  that  would  yield  such  rich  returns  to 
ethnology,  as  well  as  to  every  other  branch  of  natural  science,  as  would  amply 
repay  any  outlay  that  the  Government  might  make.  The  history  of  the  coast  tribes 
is  becoming  of  more  importance  every  year,  and  a  connected  description  of  the 
Aleuts  and  other  coast  tribes  of  Alaska,  the  tribes  of  Western  British  Columbia, 
Washington,  and  Oregon  would  not  only  be  interesting,  but  would  be  valuable 
in  assisting  to  solve  that  perplexing  question  of  the  origin  of  the  North  American 
Indian. 
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At  the  commencement  of  the  operations  of  the  Smithsonian  Institution  a  system 
of  meteorology  was  established,  carried  on  by  voluntary  observers,  which  was 
continued  for  more  than  twenty  years  until  it  was  transferred  to  the  Signal  Service 
of  the  United  States  Array  in  1874  to  be  continued  by  means  of  the  annual  appro- 
priations of  Congress.  This  system  included  observations  on  the  temperature, 
pressure,  aqueous  precipitation,  moisture  of  the  air,  and  winds. 

The  object  now  of  the  Smithsonian  Institution  is  to  render  the  results  of  these 
observations  accessible  to  meteorologists  by  their  reduction,  discussion,  and  publi- 
cation; but  to  give  greater  value  to  this  work  it  has  been  thought  advisable  to 
incorporate  in  it  all  accessible  and  reliable  meteorological  observations  that  have 
been  made  in  the  United  States  since  the  early  settlement  of  this  country. 

The  first  part  of  the  general  work,  that  on  the  aqueous  precipitation,  was  pub- 
lished in  18'72,  that  which  relates  to  the  winds  is  now  in  the  press,  and  the  other 
parts  will  follow  in  succession. 

The  present  memoir  relating  to  the  temperatures  contains  the  results  of  all 
observations  to  the  end  of  the  year  1870,  from  the  following  sources : — 

1st.  The  registers  of  the  Smithsonian  Institution,  embracing  upwards  of  300  folio 
volumes, 

2d,  The  joint  publications  of  the  Institution  and  of  the  Patent  Office  and  Depart- 
ment of  Agriculture. 

3d,  All  the  publications  and  unpublished  records  of  the  meteorological  system 
of  the  United  States  Army. 

4th,  The  records  of  the  United  States  Lake  Survey  under  the  Engineer  Depart- 
ment of  the  United  States  Army, 

5th,  The  records  of  the  United  States  Coast  Survey,  under  the  Treasury  Depart- 
ment. 

6th.  The  volumes  compiled  by  Dr.  F.  B.  Ilough  from  observations  made  under 
the  direction  of  the  Eegents  of  th-e  University  of  the  State  of  New  York. 

7th.  The  records  made  in  Pennsylvania  under  the  direction  of  the  Pranldin 
Institute  of  Philadelphia. 

8th.  The  transactions  of  various  societies  and  periodical  publications. 

The  first  part  of  the  work  was  the  formation  of  an  extended  series  of  classified 
tables  derived  from  the  foregoing  sources,  and  the  second  the  deduction  from  these 
consolidated  tables,  of  average  temperatures.  The  first  of  these  series,  owing  to 
its  gi'eat  bulk,  must  for  the  present  remain  in  manuscript.      It  can,  however,  be 
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consulted  at  any  time  at  the  Institution.  The  second  senes,  which  is  given  in 
the  following  pages,  consisting  of  average  temperatures,  is  sufficient  to  furnish  all 
necessary  information  for  the  study  of  our  climate  as  far  as  it  depends  upon 
temperature. 

All  the  materials  were  placed  in  charge  of  Mr.  Charles  A.  Schott,  Assistant 
United  States  Coast  Survey,  to  be  reduced  and  discussed  under  his  direction  by 
trained  computers,  at  the  expense  of  the  income  of  the  Smithson  fund.  He  was 
ably  assisted  by  Mr.  E.  H.  Courtenay,  of  the  United  States  Coast  Survey. 

The  character  of  Mr.  Schott  for  scientific  knowledge,  sagacity,  and  skill  in  the 
line  of  investigation,  and  scrupulous  accuracy  as  exhibited  in  the  previous  meteoro- 
logical publications  of  the  Institution,  give  assurance  that  the  work  here  presented 
to  the  public  is  a  valuable  contribution  to  the  knowledge  of  the  climate  of  the 
United  States, 

JOSEPH  HENRY, 
Secretary  Smithsonian  Institution. 
Washington,  D.  C, 

January,  18Tfi. 
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SECTION  L 


TABLES,  DISTRIBUTIOJf,  AND  VARIATIONS  OF  THE  ATMOSPHERIC 

TEMPERATURE  IN  THE  UNITED  STATES, 

AND   SOME   ADJACENT    PARTS    OF   AMERICA. 


GENERAL  REMARKS. 

Tee  laws  of  the  distribution  of  winds,  rain,  and  heat  of  a  large  portion  of  North 
America,  embracing  the  normal  or  statical  values  as  well  as  their  variations  with 
seasons  and  for  longer  periods  of  years,  form  part  of  those  studies  with  whose  results 
we  are  most  directly  concerned.  Although  this  ground  has  been  gone  over  many 
times  and  must  continue  to  be  cultivated,  the  continued  accumulation  of  new 
materials  enables  the  investigator  gradually  to  present  his  results  in  a  more  precise 
form  and  to  enter  more  fully  into  detail  or  local  discussions.  Whatever  imperfec- 
tions the  available  records  may  possess,  their  effect  in  the  mean  values  will  con- 
stantly diminish  with  the  increase  of  reliable  modern  observations;  moreover,  they 
could  not  be  dispensed  with  on  account  of  inaccuracies,  since  they  form  the  only 
material  in  our  possession  for  the  discussion  of  such  subjects  as  possible  changes  in 
climate  since  the  first  settlement  of  the  States.  In  the  following  work  we  shall 
therefore  be  chiefly  occupied  with  the  establishment  of  tabular  results  comparable 
among  themselves,  with  obtaining  mean  or  normal  values  or  the  so-called  constants 
of  temperature,  as  factors  of  the  climate,  and  with  the  range  of  the  fluctuations, 
daily,  annual,  and  secular,  also  with  the  generalization  of  the  results  either  in 
analytical  or  graphical  form. 

The  advantages  gained  by  an  early  discussion  of  observations  beyond  putting  us 
in  possession  of  results  for  immediate  use  are  several;  light  is  thrown  on  the 
reliability  of  the  records,  their  sufficiency  or  insufficiency  for  our  present  or  future 
wants,  and  the  kind  of  results  they  are  or  are  not  capable  of  yielding,  is 
indicated.  Besides  improvements  in  methods  of  observing  and  in  instrumental 
means  are  likely  to  resiilt,  as  well  as  incitements  of  the  observer  to  renewed  efforts. 

Our  earliest  records  of  temperature,  the  results  of  which  are  given  in  the  follow- 
ing tables,  date  about  a  quarter  of  a  century  after  the  invention  of  Fahrenheit's 
thermometer,'  and  with  few  exceptions  all  tlie  observers  in  this  country  have  made 


3  following  information  is  extracted  from  GeLler's  Physikalischea  Wiirterbuch,  Leipzig,  1839. 
*   .   To  Daniel  G.  Falrenheit,  of  Dantzic  (Prussia),  is  due  the  merit  of  Laying  constructed. 
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use  of  his  scale,  in  consequence  of  which  all  tabular  quantities  and  results  pre- 
sented in  this  paper  have  reference  to  this  graduation.  For  the  sake  of  uniformity, 
records  originally  given  in  Keaumur  or  Centigrade  scale  have  been  converted  into 
that  of  Fahrenheit,  and  however  advisable  otherwise  it  might  have  been  to  adopt 
the  Centigrade  scale,  such  a  step  was  forbidden  by  the  great  labor  and  consequent 
expense  which  the  conversion  would  have  entailed. 


on  proper  principles,  thermometers  upon  which  reliance  could  be  placed ;  his  earlier  instruments  were 
filled  with  alcohol,  but  about  the  year  1114  he  used  mercury  for  this  purpose.  According  to  his 
own  account,  he  recognized  three  principal  points,  viz. :  his  so-called  absolute  zero,  representing  the 
extreme  cold  experienced  by  him  in  the  severe  winter  of  1T09  and  erroneously  supposed  to  indicate 
the  greatest  cold,  the  freezing  point  of  water,  and  a  point  representing  the  heat  of  the  human  body  ; 
in  practice,  however,  he  made  nse  of  the  freezing  point  as  well  as  of  the  boiling  point  of  water,  with 
the  fixity  of  which  latter  he  became  acquainted  in  1714.  Supposing  the  volume  of  mercury  at  the 
temperature  represented  by  his  zero  point  to  be  11134  parts,  he  noticed  an  expansion  of  32  parts  at 
the  temperature  of  freezing  water,  and  of  212  parts  at  the  temperature  of  boiling  water,  and  accord- 
ingly adopted  the  numbers  32  and  212  to  indicate  these  temperatures.  Before  Fahrenheit's  instru- 
ments came  into  general  use,  Reaumur  brought  out  his  spirit  thermometers  graduated  between  the 


freezing  and  boili 
the  Centigrade  di 
century  had  arbi 


Mag  points  of  water  from  0  to  80,  and  shortly  after,  Celsius,  about  1143,  introduced 
t  between  the  same  points.     The  spirit  thermometers  used  in  the  precei3ing 

bitrary  scales,  and  were  not  generally  directly  comparable.  «  «  *  Fahren- 
heit had  already  noticed  the  effect  of  a  change  in  the  atmospheric  pressure  on  the  position  of  the 
boiling  point,  but  the  proper  allowance  or  reduction  to  a  standard  pressure  was  not  satisfactorily 
ascertained  in  his  time,  It  would  seem  that  allowance  was  made  for  the  expansion  of  the  glass 
tube  in  the  above-mentioned  experiment,  since  the  dilatation  of  mercury  is  nearly  0.0001  of  its 
Tolume  for  1°  Fah.  All  of  the  thermometric  scales  mentioned  are  intended  to  measure  equal  incre- 
ments of  heat  by  equal  increments  in  their  scale  readings,  but  for  the  purpose  of  comparison  and 
discussion  it  is  much  to  be  desired  that  all  should  agree  to  use  the  same  scale,  the  Centigrade  scale 
being  the  one  most  likely  to  take  the  place  of  the  others. 

In  connection  with  the  cold  indicated  by  the  zero  of  Fahrenheit's  scale  it  may  be  remarked  as  an 
accidental  circumstance,  that  it  may  and  has  been  taken  roughly  to  be  that  of  the  mean  annual 
temperature  of  the  pole,  hence  the  possibility  of  representing  approximately  the  annual  mean 
temperature  in  the  latitude  t  by  the  simple  expression  81°. 5  cos  ?  without  the  addition  of  a  constant. 
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TABULATION 
RESULTING  MEAN  TEMPERATURES 


0BSKRVATT0N8  EXTENDING  OVEE  A  SBEIES  OF  YEAES,  FROM  THE  EARLIEST 
TO  NEARLY  THE  FEESENT  TIME. 


EACH  MOf(TH,  SEASON,  AND  THE  YEAR, 


STATIONS  IN  NORTH  AMERICA. 


(ix) 
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CONSOLIDATED  TABLES  OF  RESULTING  MEAN  TEMFEUATIJRES  FOE,  EACH 
MONTH,  SEASON,  AND  THE  YEAR. 


That  part  of  the  tables  whicli  refers  to  the  United  States  is  an-anged  in  alpha- 
betical order  according  to  states  and  territories,  and  the  names  in  each  subdivision 
ai'e  given  alphabetically.  For  all  stations  beyond  the  limits  of  the  United  States  it 
was  considered  more  advantageous  to  adopt  a  geographical  arrangement,  but  the 
alphabetical  sequence  of  stations  under  each  geographical  district  is  preserved. 

The  tables  contain :  The  number  and  name  of  each  station,  its  latitude  and 
longitude,  its  elevation  above  the  sea  when  known,  its  mean  temperatures  for 
each  month,  each  season,  and  for  the  whole  year,  the  beginning  and  ending  of  the 
series  of  observations,  its  actual  extent,  the  observing  hours,  the  name  of  the  ob- 
server with  references. 

The  geographical  positions  are  given  to  the  nearest  minute  of  arc,  as  far  as  known, 
the  longitudes  are  counted  as  usual  west  of  Greenwich,  The  positions  which 
became  known  through  the  operations  of  the  United  States  Coast  Survey  are 
reliable,  as  well  as  those  given  upon  the  authorities  of  the  United  States  Lake 
Survey,  officers  of  the  United  States  Army,  directors  of  astronomical  observatories, 
and,  in  general,  all  those  positions  which  have  been  determined  by  direct  astro- 
nomical observations  and  those  connected  with  the  General  Land  Office.  Positions 
given  on  the  authority  of  the  observer,  and  these  aie  by  far  the  most  numerous, 
are  less  trustworthy,  since  most  of  these  were  taken  from  State  or  county  maps 
having  no  adequate  astronomical  basis.  The  results  for  longitude  depending  on 
the  electric  telegraph  are  of  so  recent  date  that  but  few  maps  have  as  yet  incor- 
porated them.  Although  no  pains  have  been  spared  to  render  these  geographical 
positions  as  trustworthy  as  possible,  they  are,  in  general,  when  taken  from  maps 
evidently  in  the  given  latitudes  affected  with  a  probable  uncertainty  of  from 
±  3'  to  i  5'  and  in  the  given  longitudes  with  a  probable  uncertainty  of  from  J^  5' 
to  J^  8'.  Fortunately  for  the  immediate  wants  of  the  discussion  of  temperature  a 
moderate  approximation  to  the  true  position  suffices.  The  elevations  of  the 
observing  stations  depend  in  all  cases  upon  the  statements  of  observers;  these 
also  no  doubt  require  considerable  improvementj  as  but  few  depend  upon  direct 
hypsometric  measures  or  on  measured  diffisrences  of  level  from  known  railroad  or 

(xi) 


Hosted  by 


Google 


xii  EXPLANATIONS    AXD   REMARKS. 

canal  levels ;  those  depending  on  barometric  observations  can  only  be  regarded  as 
rough  approximations.     Heights  near  tide-water  may  be  considered  to  be  reliable. 

Unless  otherwise  stated,  the  mean  tabular  values  of  the  temperature,  always 
expressed  in  degrees  of  the  Fahrenheit  scale,  refer  to  the  observing  hours  noted, 
and  are  consequently  uncorrected  for  daily  vaiiation.  In  all  cases  where  the 
observing  hours  were  variable  or  were  changed  during  the  series,  the  results  were 
referred  either  to  those  observing  hours  maintained  for  the  longest  period  or  to 
those  susceptible  of  the  gi-eater  accuracy,  or  else  aU  were  corrected  for  daily  fluctu- 
ation. The  means  for  correcting  observed  values,  taken  at  stated  epochs  of  the 
day  and  for  any  month,  were  furnished  by  the  discussion  of  the  daily  variation,  but 
the  stations  available  for  such  discussions  are  comparatively  so  very  few  in  number, 
and  are  almost  wanting  for  the  western  part  of  the  United  States,  that  but  a  small 
portion  of  our  results  could  be  so  corrected.  If  we  had  better  and  more  com- 
plete materials  for  daily  variation,  it  would  undoubtedly  have  been  preferable  to 
correct  all  tabular  results  for  this  inequality,  but  in  their  absence  it  was  deemed 
advisable  to  attempt  no  more  than  to  present  the  results  in  any  one  series  for  a 
uniform  set  of  hours  of  observation,  correcting  as  stated  in  all  cases  where  the 
observer  has  changed  his  times  of  observation;  this  gives  us  the  advantage  of 
efl'ecting  hereafter  a  more  satisfactory  reduction  to  the  mean  of  twenty-four  hours 
whenever  we  come  into  possession  of  new  and,  it  is  to  be  hoped,  automatic  registers. 

Respecting  the  results  obtained  under  the  University  System  of  the  State  of  New 
York,  the  daily  mean  was  directed^  to  bo  found  by  adding  to  the  morning  observa- 
tion twice  the  afternoon  observation,  and  twice  the  evening  observation  to  that  of 
next  morning,  and  dividing  their  sum  by  six.  This  may  be  symbolically  expressed 
by  i|Or  +  3a  bis  -|-  (0B  +  1'')  i>ia  -)-  ©^  J ;  the  morning  observation  was  to  be  taken  a 
little  before  sunrise.  The  means  given  in  the  table  were  made  out  in  accordance 
with  this  rule.^ 

With  respect  to  the  Smithsonian  system  of  meteorological  observations,  the  result 
of  the  three  hours  7  A.  M.  2  and  9  P.  M.  was  found  to  approximate  less  closely  to 
the  true  daily  mean  than  the  result  obtained  by  adding  twice  the  reading  at  9  P.  M. 
to  the  readings  at  7  A.  M.  and  2  P.  M.  and  dividing  this  sum  by  four.  The  latter 
rule  was  therefore  adopted,  and  is  symbolically  indicated  by  ^  J  7„  ^^  2„  -|-  9^^  bis  J . 
In  the  column  headed  observing  hours  the  symbols  o^  and  ©^  stand  for  sunrise  and 
sunset ;  the  affixes  m.  and  a.  to  any  given  hour  indicate  morning  and  afternoon 
respectively ;  N.  and  Mdt.  stand  for  noon  and  midnight ;  M.  and  E.  for  morning 
and  evening;  Max.  and  Min.  for  mean  from  maximum  and  minimum  readings; 

'  r.  B.  Hough,  p.  iv  of  the  introduction  to  the  results  of  meteorological  ohservations  made  in 
obedience  to  instruct  tons  from  the  Regeuts  of  the  University  at  suadrj  Academies  iu  the  State  of 
New  Yoit,  Albany,  1855. 

'  It  should  also  be  mentioned  that  for  these  Academy  stations  the  monthly  means  are  made  up 
from  the  half-monthly  means,  there  is  therefore  a  slight  inconsistency  in  the  results  for  the  months 
having  an  odd  nnmber  of  days  (the  first  16  days  having  been  united  into  a  mean  for  all  months, 
excepting  Febraary).  The  October  mean  is  most  affected,  less  so  May  and  March ;  the  amount 
generally  less  than  0°.l  is  small  enough  to  be  neglected. 
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"  bis"  attached  to  any  hour  indicates  that  the  reading  at  this  hour  Teceived  double 
weight  as  explained  above. 

Respecting  the  corrections  necessary  to  refer  monthly  and  annual  means  depend- 
ing on  observations  at  certain  hours  to  what  they  would  have  been  had  the  observa- 
tions been  made  hourly  and  continued  day  and  night,  the  reader  is  referred  to  the 
discussion  of  the  daily  variation  of  the  temperature.  In  this  discussion  it  is  shown 
that  the  mean  of  hourly  observations  represents  the  average  temperature  of  the  day 
within  about  0°.01  Fah, 

The  following  table  of'  corrections  for  daily  variation  to  means  resulting  from 
observatidns  at  certain  hou'rs  was  prepared  directly  from  observations  extending 
over  a  series  of  years  at  Toronto,  Mohawk,  New  Haven,  and  Philadelphia ;  it  is 
inserted  here  on  accomit  of  its  frequent  application  to  our  tabular  results,  either 
to  refer  them  to  the  mean  of  the  day  or  to  a  uniform  set  of  hours,  in  which  latter 
case  the  table  can  be  made  readily  to  apply.  This  table  of  corrections  was  found 
to  answer  well  enough  for  the  Eastern  and  Western  States  lying  within  the  range 
of  latitudes  of  the  four  stations ;  for  Southern  States  and  for  the  elevated  western 
portion  of  the  United  States  other  less  reliable  corrections  had  to  be  supplied. 
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Table  of  corrections  for  daily  variation  of  temperature,  derived  from  obseroaHona  made  at 
Toronto,  Mohaw/c,  New  Haven,  and  Philadelphia;  for  every  hour  and  for  various  combi- 
nations of  hours,  in  degrees  of  Fahrenheit, 
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+4-7 

+4.7    +4.0 

+3.S 

+3.7 

+4.5  ,  +4-7 

.4.6 

+  3-4 

+3-' 

+4.08 

■3.5 

+  2.7 

+2.4. +'.5 

+  1.1 

+  1.8  i  +2.2 

-2.6 

+2.4 

+2.7 

+2,24 

9m 

+  '■4 

"1 

rr.3 

+0.5  :      0.0    —0.9 

—1.2 

—1.2 

—0.6  .  —0.2 

-0.2 

+0.7 

+  1-3 

'Om 

-0.4 

—0.9 

—1.6  1  —2.0 

—2.8 

—3-2 

—3.2 

—2.8 

-».s 

—2.1 

—I.I 

—0.5 

—1.93 

—1.9 

— Z.7 

—3.7 

—4-9 

—4.6 

—4.4 

—3-9 

—2.6 

-3.60 

Noon. 

—3-2 

—4-5 

— 5.1 

-5.7 

—6.1 

—6,2 

—5.9 

—5-7 

—5-3 

—3.3 

—3-2 

—4.91 

I„ 

—4,0 

~5-! 

-5-4 

—6.2 

-6.8 

—7.1 

—7.1 

-6.9 

-6.S 

—6.2 

-4.5 

-^.0 

-5.84 

\ 

—4.5 

-5-6 

—7.0 

—7.5 

—7.8 

-7.6 

-7-5 

-7-4 

—6.8 

—4.8 

-4.3 

—6,42 

3^ 

4a 

=tS 

—5-7 
— 5.Z 

—6.2 
—5.8 

—7.2 
—7-1 

— 7.S 
— 7.B 

—8.1 

—7.8 
-7.5 

-7-6 

-7.6 
—7.4 

—6.7 
—6.1 

—4-7 
-3-8 

—4.1 
-3.3 

J:;; 

h 

—2-5 

—3-9 

—4.7 

— S-3 

—7.2 

—7.2 

-6.9 

-6.8 

—6.2 

—4.4 

—2,4 

— S.04 

6, 

— 1>5 

—2.9 

—4.6 

— S-5 

—5.7 

—5.4 

-5-1 

—4.0 

—2.5 

-3- SI 

7^ 

—0.7 

—1,2 

—1.5 

-2.9 

—3.3 

—3.0 

—2.5 

—1.6 

-0.5 

—0.6 

—'•74 

S^ 

—0.1 

—0.2 

—04 

—0.2 

— 0.2 

—0.4 

—0.2 

^ 

ho.  I 

ho.  3 

. 

.0.2 

+0.1 

—0.1 

—0.09 

% 

+0.4 

+0-5 

+0.9     +1.2 

+  '.5 

+  1.6 

■1.7 

-1.6 

+0.7 

+0-3 

+,.u 

+0.9 

+1-5    +3.2 

+  2.7 

+3-0 

+3-1 

■2.7 

■  1.9 

+1,1 

+1.99 

+  1.2 

+  1.7 

+2.2 

+3.0 

+3.8 

+4.3 

+4.2 

■3.5 

-2.6 

+  1.5 

+2-73 

Qr 

+3-0 

+4-5 

+5-3 

+6.4 

+7.8 

+8.1 

■ 

h7.i 

r6,5 

-5.3 

+3.4 

+2.9 

+i.68 

0. 

—2,7 

—30 

— 2.S 

— 2.S 

— a.2 

— I-? 

—1.3 

—2.4 

—3-7 

-3.7 

—2.9 

—2,7 

—2.64 

Ma:*. 

—4.5 

—6.2 

—7.3 

—7,9    — S.i 

—7.8 

—7-7 

-6.9 

—4.9 

—6.62 

Mill. 

+3.3 

+ts 

+5-4 

+  6.5 

+7-9 

+S.4 

+  7-9 

+7.2 

+6.7 

+5-6 

+3-6 

+3^2 

+5-87 

Ma:;.  &  Mill. 

—0.6 

+0.1 

+0.1 

— O.j 

-_o.6 

—0.6 

—0.37 

0.©. 

+0:2 

+0.7 

Til 

+^:8 

+2.8 

+3-3 

+3-2 

+2.4 

+1-4 

+0:8 

+0.2 

+0.1 

+  "■52 

G..9. 

+1.7 

+2.5 

+3-1 

+3.S 

+4-6 

+4.9 

+4-8 

+4-4 

+4.0 

+3.2 

+2.1 

+  1.6 

+3.39 

6,j,  i.i 

—0.5 

—0.3 

—0.4 

— 0-S 

7m  2^ 

—0,7 

—'-7 

—1.5 

— 1.3 

—0.7 

-0.6 

—1. 17 

l^% 

tli 

+^:6 

+2.8 

+  3^0 

+2.7 

+2.7 

+2^8 

+3-1 

+3.' 

+2.9 

+2.0 

+1-7 

+2.60 

Sm^. 

—I.I 

—1.7 

—2-3 

—3-0 

—3.3 

—3.3 

—2.9 

—2.6 

—  1.2 

—0.8 

—3.09 

K7. 

+1.0 

+1.2 

+0.6 

+0.1 

_o.7 

—I.I 

—0.9 

-0.4 

+0.3 

+0.8 

+0.9 

+  1.1 

+0.24 

Or  9„  3. 

—0.3 

—0.4 

—0.4 

—0,24 

Or  N.  O. 

—0.9 

—0.7 

+0.2 

+0,1 

— a.6z 

+0.3 

+0.5 

+0.S 

+0.9 

+0.8 

+0.6 

+04 

+0.1 

—0.3 

+0.32 

Q.  C  >o. 

0,0 

H-oia 

+0.5 

+O.S 

+  1.2 

+'-3  ;+'.3 

+1.0 

+0,8 

+0.3 

0.0 

+0.61 

O.  2. 0= 

—1.4 

—1.4 

—1.2 

— i.r 

—0.6 

—04 

—0.4 

—0.9 

—1-5 

—1.7 

—1.4 

—1.4 

—I  n 

Or  2a  9a 

+0.2 

+0.6 

+0.6 

+0.7 

+0.4 

+0,2 

+0.12 

§■*?: 

+o.r 

+°.s 

+°.5 

+0-6 

+0-3 

+0.2 

+0.09 

—0.6 

—'■5 

-0-5 

—0.4 

fiu,  2.  9. 

—0.4 

—0.2 

+D.I 

+0:2 

+0:1 

+0^1 

+0:2 

+0.2 

+a2 

—0.1 

—0.3 

—0.01 

^■^  5  V°' 

—0.2 

0.0 

+0.3 

+O.S 

+0-5 

+0.5 

tti 

+0.6 

+0.6 

+0.2 

—0.1 

—0.2 

+0.2S 

7m  N.  6^ 

—0.9 

—1-7 

—1.7 

—0.6 

—0.4 

—1,45 

—0.4 

—0.6 

—0.8 

-0.6 

—0.5 

—0.3 

-0.62 

7„  I.  9. 

+0,1 

—0,6 

7„  2^  5^ 

—1.3 

—1.6 

-2.9 

-3.6 

—3.7 

-3-6 

—3.3 

—3-0 

-2.2 

—1.3 

— i.i 

^2,46 

7„  2.  6. 

— I.O 

—I.I 

—1,4 

—2.3 

— 3-0 

—3,2 

-3-1 

—2.7 

—2.3 

-1.6 

—0.9 

-0.8 

—1.95 

7m  2.  7, 

-0.7 

-0.7 

—1-5 

—2.4 

-1.8 

—0.6 

—0.6 

-1.36 

7m  =«  9^ 

—0.4 

-°-l 

—0.7 

—0.4 

—0.4 

fci-A 

-0.3 

—0.2 

—0.8 

-0.9 

— 0.S 

-0.5 

—0.4 

—0.3 

— o.z 

—3-' 

— 3-S 

-4,0 

— 3.fi 

—3-1 

—  1.2 

—0.9 

-2o6 
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EXPLANATION;  S   AND   REMARKS. 
Table  of  corrections  for  daily  variation  of  lemparature,  etc. — Continued, 


Hours. 

i 

h 

1 

< 

.  i  , 

# 

i 

< 

1" 

—1.3 

1 

C 

1 

K  K  K 

—0.6 

—0.8 

-1% 

—1.6 

-.^ 

—2,2 

- 

—  l.g 

—!.(> 

-o°.8 

—142 

K  <  JO. 

— 0-3 

-t>.Q 

—O.S 

—o.g 

—0.3 

— 0-73 

9„.  N.  9. 

-o.S 

—1.1 

-1.7 

-1.9 

— r,4 

—'.3 

~o.8 

—1,23 

An3.9i 

~°-9 

—'•3 

—1.5 

—2.4. 

—2.2 

— i.S 

—1,1 

-»■'■ 

-..76 

&.N-1:?: 
%".%■':• 

+0.1 

—1.6 

+0.2 
—1.9 

+0.1 

+0.. 

-1-0.2 

-fo.i 

—2.9 

-l-O.q 

+  0.1 

-(-O.I 

-1-0,1 

0-0 

0.0 

+0.1 

-fo.io 
—2.29 
+0.03 

—0.1 

+0.2 

+0.6 

-1-0.  Q 

+  0,4 

—0.1 

_□.- 

_;:ii 

—0.9 

—0.9 

—0.5 

-(-0,2 

—0.7 

—0.9 

—0.9 

-^.56 

—0.9 

— o.g 

—0.5 

0.0 

+0-3 

+0.5 

—0.2 

—I.I 

-0.7 

0.0 

—0.1 

—0.1 

— O.I 

0,0 

0.0 

0.0 

—0.1 

—0,2 

—01 

0,0 

—0,06 

^m  9«  3„  K 

—0.4 

—0.5 

—1.4 

—0.9 

^m  9m  3.  9. 

+0.1 

■\-0.2 

+0,1 

+0.1 

-1-0. 1 

+0.2 

7„  2:.  9.  M. 

0,0 

0,0 

—O.I 

—0.2 

-O.I 

-1-0. 1 

u,o 

0.0 

—0.03 

1  For  New  York  Univcriiity  System;  derived  from  observations  at  Toronto  and  Moliawk, 
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Eespecting  the  column    headed  References    the    followinjj    abbreviations  were 
nsed : — 


s.  o. 

S.  CoU. 

Sm.  Con.  to.  Know!. 

P.  O.  and  S.  I.  Vol.  I, 

Ar.  Met.  Regs, 

MS.  from  S.  G-.  O. 

Am.  Aim 

Agl.  Rep. 

Reg.  Rep. 

N.  Y.  Univ.  Syst. 


for  Smithsonian  system  of  oliservatioiis. 

for  Smithsonian  collection  in  general. 

for  Smithsonian  Contributions  to  Knowledge. 

for  Patent  Office  and  Smithsonian  Institution  systeii 

for  Army  Meteorological  Registers. 

for  Manuscript  from  Surgeon-General's  OIHce. 

for  American  Almanac. 

for  Agricultural  Report. 

for  Regents'  Report. 

for  New  York  University  System. 


And  various  others  whose  meaning  is  sufSciently  apparent 


(svi) 
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TABLES  OF  MEAN  TEMPERATURE 


EACH  MOHTH,  SEASON,  AND  THE  YEAR  AT  TARIOHS  STATIOSS, 
PRINCIPALLY  IN  NORTH  AMERICA. 

EXPRfiSSED  IN  DEGRERS  AND  FRACTIONS  OF  THE  FAHRENHEIT  SCALE. 


I        Decemurr,  1874.  {  1  ) 
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TEMPERATURE    TABLES. 


ICELAND.                                                                                               1 

Name  of  Station 

1 

r 

i 

i 

1 

1 

i 

(^ 

1 

U 

i 

6 

J 

hj 

K 

^ 

S 

< 

s 

■^ 

^ 

< 

tn 

6 

t5 

P 

I.   Eya  Fiord.      .      . 

.      65°42' 

iS^os' 

25=70 

iS'.so 

20", 66 

27°-50 

36M4 

43".  52 

46°. 94 

46=.  94 

43  M6 

4^34 

25  ".8S 

i8°.32 

3.  Reikjavik  .     .     . 

.      64  09 

2r  55 

28,31 

29.86 

36,46 

44.80 

51-58 

56.19 

52.86 

46.45 

36.91 

30.45 

29.41 

GREENLAND. 

1.  Friedrichslhal 

.     60  05 

44  50 

19,63 

18,72 

22  10 

27,50 

32.45 

35-15 

29-75 

2.  Godthaab      , 

.     6410 

52  10 

12.38 

12.56 

15:60 

32,16 

3909 

41.92 

40.84 

35.65 

29.84 

21.94 

17.49 

.     69  12 

50  58 

0.05 

—  2.20 

5-90 

16.92 

31-77 

40.32 

45.27 

41.67 

34.25 

26.37 

11.52 

4-55 

4.  Lichtenau      . 

.     60  22 

45  40 

1974 

23. 

27.63 

32-43 

39.27 

43.09 

45-37 

41.09 

39-70 

35.58 

26.13 

22.41 

5.  Liehtenfels    . 

.     6300 

SI  20 

"•59 

"305 

17.71 

24.03 

32.47 

38.73 

43-07 

40-39 

34.77 

28.60 

13.93 

6.  Nye  Herniut 

.     64  10 

51  40 

905 

21.65 

24.80 

32.00 

40.10 

40-33 

37.40 

34-03 

32-90 

15.80 

11.75 

7.  Omenak   ,     . 

.     70  41 

52  00 

-6.25 

-8,95 

—  1.30 

13.77 

29.97 

38. 75 

43-03 

40.55 

32.90 

22.55 

13-77 

—  0.17 

8.  PovtFoulke" 

.     78  18 

73  °° 

—26.0 

—24,9 

+23.8 

+33.9 

+40.S 

+36.>) 

+22.6 

+  7-5^ 

+  2.8 

9.  Upernavik     . 

■      73  47 

5^  03 

— 12.3Z 

-.8.40 

-1:85 

+  2:75 

26.15 

36,27 

39.42 

38.52 

30.87 

10.17 

10.  Van  Rensselaer  I 

lar- 

bor  .     .     . 

■      78  37 

70  53 

-25,45 

—34.90 

—10.35 

+13-40 

30.10 

3S.20 

31-80 

•3.45 

-3.60 

—21.95 

-31-15 

II.  Wolstenholme 

Sound    .      . 

68  56 

-25.07 

—34,02 

—17.47 

—  3-74 

25.82 

39-73 

40.52 

33.67 

26,76 

11.32 

—18.60 

—27,05 

BRmSH  NORTH  AMERICA.— ARCTIC  REGION. 

I.  Arctic  Ocean 

.      7441 

lOI    22 

-36.71 

— 4I.T2 

— 3'-95 

-  7.13 

17-88 

4.06 

—20.18 

—30.45 

2.  Assistance  Bay 

.      74  40 

94  16 

—29.00 

—29.80 

—22.40 

-3.20 

12,50 

34.30 

37,So 

21.30 

1-50 

—  6.70 

—21,40 

3.  Batty  Bay     . 

.      73  12 

91   10 

-19.92 

—18.19 

-17.00 

22.59 

8.53 

—11,27 

-15-45 

4.  Bay  of  Mercy 

■     74  <» 

"7  54:  - 

-3559 

—32.15 

—36.91 

10.24 

31-50 

36.72 

33.25 

22.34 

—  1-15 

-15-86 

—23.04 

5.  Beechey  Island 

■     74  30 

91  51^ 

—33.00 

-25.44 

+   1.85 

18.92 

36-77 

39-40 

34.25 

20.50 

10.78 

+  6.78 

—23.89 

6.  Boofhia  Felix 

.     69  59 

92  01 

—28. 69 

-32.02 

-29.01 

-  2.54 

15.65 

34-16 

41.26 

38.69 

9.07 

—  5-42 

—22.43 

7.  Dealy  Island 

■     74  52 

108  30 

-36.13 

—30.42 

-19.17 

—  2-47 

16,09 

33.04 

36.42 

i8:&. 

-0.56 

—12.07 

—26.00 

S.  Disaster  Bay 

:  mi 

92  10 

-36.38 

—39-23 

-29.87 

9.36 

27.93 
54. 2§ 

38.09 

P:27 

17.01 

9-52 

—17.20 

—26.61 

g.  Fort  Anderson 

13430 

-38.05 

-28.78 

-24.80 

+  5:2* 

25.65 

65.50 

35.83 

17-SS 

—  2.33 

-31-23 

to.  Fort  Confidence 

■  6654 

11849 

500 

—26.79 

-19-48 

-1S.92 

+  4.36 

27.68 

46.69 

52-90 

45.20 

37.66 

-  I.71 

—22.71 

II.  Griffith's  Island 

-    7436 

95  30 

—31.90 

—32.90 

-25.70 

—  7.00 

23,00 

35.00? 

38.50? 

36-30? 

20.20 

0.30 

—  6.90 

— 22.20 

12.  Igloolik   .     . 

.      69^1 

81  53 

—17.07 

-20.41 

—19.75 

—  .1.68 

24,8s 

32,16 

40.04 

37.77 

24-45 

12.79 

—19.37 

—27:80 

13.  Meiville  Island 

■      74  47 

no  48 

—30.09 

—32,19 

-18.10 

-8.37 

16,66 

36.24 

42.41 

32.68 

22.54 

-3-46 

—20.60 

—21.79 

Sound   .     . 

.      76  52 

97  00 

—40.00 

-28.57 

-7.60 

14.74 

29.S6 

35.69 

33.80 

18. 48 

—0.40 

-  5.64 

—34-49 

15.  Peel  Riveri   . 

.      67  32 

134  30 

—24-45 

—24.19 

+  15.03 

34.06 

54-09 

58.60 

50.90 

35-75 

12.12 

-11.84 

—23-47 

16.  Port  Kennedy 

.      72  01 

94  14 

-34-4 

—37.1 

+15.3 

+35.3 

+40.1 

36.95 

25-4 

7-4 

-11-7 

-33-  6 

17.  Port  Bowen  . 

■      73  '4 

88  56 

-28.91 

-27.32 

-28,38 

—  6.50 

17.65 

36.12 

37.29 

35.77 

25.S8 

10.85 

—  5.00 

-19.05 

18.  Port  Leopold 

.      73  31 

90  '8 

-35.70 

-35.20 

-22.80 

9.70 

—14.50 

—36.40 

19.   Prince     of     W 

les' 

Strait     .     . 

■      72  47 

"7  34 

—32-44 

-37.67 

—28,82 

—  4- 70 

36.09 

37-54 

37.15 

—23-36 

20.    Repulse  Baye 

.      55  32 

86  s6 

'5 

—29.32 

— z6,68 

—28.10 

-  3.9:> 

I7.8S 

31.38 

41.46 

28.57 

12:56 

+  0:68 

—19.27 

21.    Repulse  Bay' 

.      6633 

8656 

-32-4 

-36.4 

-16,9 

+  4.7 

24.0 

37-7 

43.5 

25.2 

-19.S 

—25.4 

BRITISH  NORTH  AMERICA.—SOUTH  OP  LATITUDE  66°  z<^. 

I.  Abbittibe.     . 

.      48  so 

77  45 

+  „. 

—  2.91 

14.16 

21.74 

30,65 

64.58 

,..3S 

61.08 

50.4c 

37.35 

23-5 

+  0.04 
+  0.4 

2.  Athabasca  Lak 

■      58  43 

—23.0 

+  2.4 

35.1 

44,8 

53-9 

21.5 

9.8 

3.  Bedfont  House 

■      57  23 

102  59 

—19,0 

-i6'7 

—  5,0 

11,5 

24.5 

26.0 

+  '.5 

-18.S 

4.  Caribou  Castle 

.     ■      53  48 

56  47 

+  0,33 

10,67 

'5-56 

3598 

42,59 

55-29 

SI  .79 

34.49 

24.0 

k.  Carlton  House 

■      52  51 

106  13 

11,92 

29-75 

47-92 

6.  Cumberland  H 

ouse      53  57 

900 

—  5- 

6. 

25- 

SO. 

59-' 

70.' 

6<;.' 

48: 

39- 

5. 

7.  Cumberland  H 

ouse     S3  57 

goo 

—13.2 

3S.O 

50.0 

58.S 

61.8 

56-2 

47-0 

36.9 

13.0 

3.2 

8.  Cumberland  H 

ouse      S3  57 

900 

-  0,89 

-  8,06 

18.30 

27,01 

52.59 

62.84 

44- Sc 

33.15 

21.4S 

7.94 

ouse      53  40 

112  45 

1800 

n.os 

14.32 

10.  Fort  &  la  Come 

104  30 

19.9 

1.45 

II,  Fort  Chipeway 

m    .      58  43 

III  IS 

700 

.-  8,76 

—  4,01 

4-  3-08 

19:80 

45-40 

S5-00 

63'.i« 

58.io 

43.53 

33.00 

19.13 

1  Observations! 

11  "morning  and  evening,"  from  October,  1 796,  to  May,  1S02,  and  from  July,  i8l6,to  Jime,  1821;  from  September,  1841,  to  June,  1845, 

at  io„  and  lO^. 

fi  From  6  to  12 

observations  daily.                                                       «  Fott  Hope. 

T  Fort  Hope. 

The  September  and  October  observations,  made  at  8,„  8„  have  been  referred  to  8„  2^  8^  by  means  of  the  "  Boothiii  Felix"  fable. 

Correction  to  scale 

at —35°=— 4°, 5;   at  0°  correction  supposed  0,  and  a  pyopoilional  .-.mount  between  o''  and —35^  applied. 

Hosted  by 


Google 


TEMPERATURE    TABLES. 


GREENLAND. 


■,  Rei).  Br.  Assoc.  1S47. 


4  40-73 

5  39-28 
5  40-77 
7  (36.83) 
.5  38.07 

-3  33-37    - 

4  37.97   4 


32.95 
26.53 
26.83 


—28. 60 
-28.71 


Oct.     1796;  June,  1845    1 

Aug.  1842;  July,  1846 

July,  1841;  Aug.  1843 

Jan.  1846;  July,  1853 

July,  1843;  June,i843 

Aug,  1S33!  July,  1838 

Sept.  i860;  July,  1861 

Aug.  1833;  Jily.  1S3S 

Sept.  1853;  Apr.  1855 

Aug.    1849;  July,  1S50 


M.  E.i 

M,  N. 


M.  N. 
bi -hourly 

M.  N. 
hourly. 


Koege!. 

Dr.  l'.'l,'Hayes. 

Dr.  E.'  k.'  Kane. 

Rao. 


Dove,  Rep.  Br.  A.'isoc.  1847. 
Dove,  Rep,  Br,  Assoc.  1S47. 

e,  1857. 
Dove,  Kep.  Br.  Assoc.  1847. 
Dove,  1857. 

Dove.  Rep.  Br.  Assoc.  1848. 
Dove,  1857. 

1.  Con.  to  Knowl.  1867. 

>ve,  1857, 
Sm.  Con.  to  Knowl.  1S59, 

Richardson. 


BRITISH  NORTH  AMERICA.— ARCTIC  REGION. 


;  _  5,2 
,  +  2.0 
'   +  4-37 


54-53 
37.45 
3S.39 


+  ° 

n 

+  I 

<( 

» 

+    2 

00 

17 

19 

36 

4 

13 

■; 

00 

i" 

4 

'5 

5« 

27 

>3 

+  5 

80 

-34-35 
-24.04 
-3503 


+  6.16 
+  3.68 
+  o,8S 


Sept.  1851;  Apr. 

Oct.  1829;  Mar, 

Sept,  1852;  Aug. 

May,  1863;  Apr. 


1863;  Dec.  I 
,  1858;  Aug.  I 
,  1824;  Aug.  I 

1848 ;  Apr.  I 

.  1850;  Aug.  I 
.  1846;  July,  I 
.    1853;  July,  I 


7„2,9„i,i= 


7.5.9. 


M.  M.  McI,eod. 


"  Voyage  of  Resolute." 

Sutherland. 

Dove,  1857- 

Amistrong's  Personal  Nar 

Dove,  1857. 

Ross. 

"Voyage  of  Resolute." 

Dove,  1857. 

S.  O. 

Dove,  1S57- 

"  Vovage  of  Resclule." 

Parry. 

Parry, 

Dove,  1857. 

S.  Coll.  and  S.  O. 

Sm.  Con.  to  Knowl.  1S6: 

Belcher, 

"  Voyage  of  Resolute." 

Rae. 

S.  Coll. 


BRITISH  WORTH  AMEHICA.— SOUTH  OP  LATITUDE  66°  30' 


32.67 
32.30 
33-04 


.778 


Sept.  1867;  May, 
"    1843;  June, 
1795;  May, 

1777;  >>y. 

1827 

Oct.  17S9;  Sept.  1790 
Sept.  1819;  Aug.  1820 
Aug.   1839;  Sept.  1840 

1S27 

18S4 
B25;  1S39 


J.  LocMiart. 
Richardson. 
Thompson. 


S.  Coll.  and  S.  0. 

Blodget's  Glim. 

S.  Coll. 

Cartivright's  Labrad 

Franklin. 

S.  Coll. 

Dove,  Rep.  Br.  Ass. 

Richardson. 

Franklin. 

S.  O. 

Richardson, 


8  Observations  matte  at  daylight,  warmest  time  of  day,  and  after  dark.  s  Corrcclcd  for  daily  variation  by  means  of  Dove's  Toronto  Table. 

">  The  means  for  1825-6  ate  derived  from  the  daily  eitcemes,  those  for  1838-39  from  observations  at  8^  8^.     They  have  been  corrected  for  daily  var 
neans  of  the  Toronto  formula. 
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BRITISH  NORTH  AMERICA.— SOUTH  OF  LATITUDE  66°  30'. 

Name  of  Station. 

i 

J 

M 

X 

i 

1 

^ 

n 

i 

i 

< 

1 

0 

a 

Q 

12.  Fort  Churchill   .     . 

58=50' 

94°3o' 

"0 

-28' 

-20" 

12  =■ 

20  " 

38.° 

so." 

S8.' 

50.= 

42." 

^ 

5." 

-.8." 

13.  Fort  Churchill  .     . 

S8  SO 

94  30 

-  7-31 

-.4:63 

16.29 

2S.42 

44-69 

56.80 

53-39 

36-03 

26.50 

3-32 

—14.00 

14.  Fort  Enterprise .     . 

6428 

113  06 

850 

—15  57 

-25. 8H 

-13.48 

S.78 

31.59 

21.75 

—  1.70 

—30.54 

15.   Fort  Franklin    .      . 

65  .2 

122   45 

230 

—2234 

-16.75 

-  5.39 

'2-35 

35- '8 

43' 02 

52.  lo 

so!  56 

41. OD 

22.47 

—  0." 

-10-89 

1 6.  Fort  Nascopie    .     . 

54  25 

6s  22 

—10,1 

+   1-7 

8.0 

17.4 

31.0 

43-3 

28,8 

15.8 

—  2,8 

17.  Fort  Norm:iil 

64  30 

135  00 

-2305 

-12,93 

-9.48 

14.28 

47. 68 

18,   Fort  Prince  of  Wales 

59 

-2S.6 

—17.5 

—  9.2 

38.0 

50.0 

56-4 

53-0 

1.7 

—15.5 

IQ.  Fort  Rae  .... 

62  46 

109  01 

—33-15 

-23-15 

-2.68 

1S.64 

4'-53 

23-65 

-f  1,08 

—17.91 

20.   Fort  Reliance    .      . 

62  46 

log  00 

650 

-25.01 

— !8.S5 

—10.47 

8.23 

3^- 03 

>3-44 

—17.07 

21.  Fort  Resolution      . 

61  10 

113  50 

500 

-25.60 

9.95 

12.88 

40,14 

26.06 

12.04 

-  2.59 

22,  Fort  Simpson"   .     . 

62  ro 

300 

-13-46 

—10.43 

■f  4.47 

35-94 

47-89 

63.50 

60.81 

S3-i6 

[4S.OO] 

7.52 

-fl^ 

23.  Fort  Simpson    .     . 

62  ro 

300 

—  7.6 

—  2-3 

-  6.5 

32-8 

52.2 

31-2 

6.4 

—18.6 

24.   Fort  Simpson     .     . 

63  10 

300 

-18.13 

-12.87 

11,90 

24.27 

46.77 

61*.  80 

27.00 

4.27 

—14.47 

25.  Fort  Simpson    .     . 

62  ro 

121  20 

300 

-15-43 

-  9.98 

-f  3-8; 

26.13 

49-45 

64,87 

44'-9i 

25-45 

—15-97 

26.   Hebron    .... 

58  20 

63  30 

—  5-24 

—  5-3' 

4.62 

16.83 

33.01 

36.61 

43-57 

49,10 

38.84 

29-43 

23-58 

5.J8 

37,  Hebron    .... 

58  20 

63  30 

-  5-03 

—  0.04 

9-93 

21.76 

32.69 

41.41 

47-4: 

48.04 

39-89 

29-59 

19.36 

3.83 

28.  Isthmus  Bay .     .     . 

53  47 

56  30 

8.55 

7.10 

24.79 

27.76 

36.14 

45- 5P 

11.89 

29.   Kinogumissee     .      . 

49  50 

8400 

3-27 

10,70 

33-29 

42.30 

62.28 

64'.  25 

61*35 

48.47 

38.37 

30    I  ittle  While  Rivei* 

S602 

77  30 

12 

-12.05 

14.63 

20.4s 

33."8 

37-95 

50-83 

47.20 

[38.94] 

32.13 

17-15 

—  2.15 

31    Moose  Factory 

Ji   15 

80  45 

3° 

^7:28 

-4-95 

9.05 

25-53 

39.33 

52.56 

59-12 

56.67 

45-83 

36.20 

21.70 

4.52 

32    Mooae  Factory 

51   15 

So  45 

30 

-10.86 

-4.85 

14.29 

15.80 

40.40 

44.96 

56.40 

58.40 

47.62 

37-17 

18.54 

3,     Nam 

57  10 

61   50 

-11.87 

4-  3.87 

6,35 

27-50 

37.'7 

43-47 

50-45 

51.80 

44.82 

33-12 

23.00 

6.80 

34    Nam 

57  10 

61  50 

35    Nam 

57  10 

61  50 

8.74 

19.21 

31-66 

37-44 

44-03 

Si.oi 

41,04 

2471 

7^70 

,6    Nim 

57  10 

-0.69 

9.46 

22.66 

32.83 

41.78 

48.22 

51-10 

42.21 

32.13 

3-38 

,7    Nam 

57  10 

61  50 

0-95 

3-5' 

7-53 

29-97 

36.23 

42.53 

50. 1 S 

50.99 

44.98 

33.98 

26:51 

6,51 

3^    Norwij  House 

53  50 

9800 

—  7-13 

-2.36 

7-58 

27.40 

44.62 

54.99 

63.55 

61.13 

46.40 

31.09 

12.48 

1.06 

39    Oldiak 

57  45 

63  20 

.2.15 

1-95 

8.25 

29.0 

38. 25 

44-65 

51-65 

53.0 

44.45 

3«-i5 

22,4 

8.45 

40   Okhak 

57  45 

63  20 

—  5-33 

23.92 

33-14 

43.00 

49-46 

51.31 

41.90 

30-33 

21.99 

4.06 

41    Oiford  House 

55  00 

95  00 

4oo 

—22.06 

—  1.90 

8:57 

38.01 

17.53 

13.29 

—23.06 

42    Icily  Banks 

6245 

'30  45 

1400 

-21.95 

—14-73 

—  0.99 

20.44 

—13.98 

43     Red    Ruer    Settle 

ment 

49  05 

97  "^ 

600 

1405 

16.72 

57.16 

63,08 

50.06 

32-30 

5.83 

44    Red   River    Setlle 

49  05 

97  00 

653 

—  1.79 

—  1.09 

18.25 

33.38 

SI.  62 

62.82 

67.50 

6462 

54.91 

40.93 

18.79 

—  0,46 

45    Rigolet 

S3  30 

582, 

—  1.68 

+   1-57 

27.05 

33-95 

42,36 

22.35 

46    Rigolet 

53  30 

58  21 

—  0.S1 

+  2,8? 

•3-43 

26.62 

34-69 

41.66 

51,69 

50.96 

21.84 

4.18 

47    Rupert  House 

SI  30 

7S  40 

—  4.09 

-0.68 

7.64 

21.05 

41.51 

34.  So 

23-33 

15-59 

4S    Vii-tona 

4855 

123  22 

64 

38,09 

44-79 

4S.67 

55-51 

■• 

49    Wmnepeg 

49  52 

97  00 

650 

8.95 

5.78 

13.36 

39-46 

56.61 

6i'.65 

66. 2o 

64-35 

55-73 

39-99 

25.70 

8.23 

50    Winowkupi 

53 

57 

9,70 

—  0,07 

'S.'S 

24.32 

42.83 

32,03 

19-83 

-3.S5 

51     Winter  Island 

f.6  lo 

83  lo 

-22.95 

-2497 

-11.64 

5-5' 

23.09 

33-97 

36,34 

36^60 

31.06 

12-51 

7.75 

-12.94 

52    \ork  Factory 

57  00 

—   5.12 

—  6.60 

4-77 

19.2J 

33-53 

47.67 

59-99 

54.85 

41.90 

33.43 

25.17 

3.73 

NEW  FOUNDZ.AND. 

r.  St,  Johii'^8.     .    .     . 

47  34 

52  40 

140 

23-34 

20.S6 

24,20 

33.38 

39.26 

48.00 

56-10 

57-86 

52.96 

44  44 

33.96 

2532 

2.  St.  Johii'sio     .    .    . 

47  34 

52  40 

170 

23-77 

23-49 

30-33 

35-47 

44-46 

52-75 

59.49 

60.31 

55-83 

44-27 

36.25 

27-95 

3.  St.  John's  .... 

47  34 

52  40 

■  Morning,  afternoon 

and  evening. 

a  Co 

reeled  for  daily  variation 

by  mean 

of  Dove's  Tor 

nto  Table, 

a  Series  much  broken 

.     Mean  for  September  interpolated. 

^  01= 

orvations  made  at  dayligJ 

.t  time  of  day, 

nd  after  dar-lt. 

«  Value  for  Septembe 

r  interpoialed. 

6    IIo 

iii-s  of  Observation  7^  S^ 

N.  4.  5- 

'  Daily  means  derive 

from  7Jl±7h+^^  f,  t,  ,,  representing  the    ob 
nimum  thermometer,  tested  at  Kew. 

ervations 

at  the  above  hours;   t 

le  instru 

ment  used  was 

a  Negretti  and 

Zambra  maximum  and  m 
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BRITISH  NOKTH  AMERICA.— SOUTH  OF  LATITUDE  (>(>°  3°' 


Feb.  1838;  May, 
Sept.  1820;  May, 
Sept.  1825;  May,  1827 


?68 ;     1769 
1859;  May,  1863 
1833;  Mar.  1835 


7™  K  9. 
7„  2.  9^  t 


47.03 
47.90 
59.89 
49.43 
47.92 


[26.24] 
23.05 

36.56 
[29.41] 
34.58 
34-44 
33.65 
33.44 
30.59 
32-21 

35-15 


1837;  184 

.    1851;  May, 

r.   1856;  Apr. 

Sept.  1859;  Apr.    t862 


26.37 
26.58 
23.67 


Sept.  1842;  Aug.  I 

Dec.   1785;  June,  I 

Sept.  l86o;  Apr.  \ 

Nov.  1861  ;  Dec.  1 

Sept.  1857 ;  May,  1 

Sept.  1858;  Aug.  1 

■  ig.  1777!  Aug.  1 


1X^X 


H.  Connolly. 

A.  Flett. 

Wales, 

L.  Clarke,  Jr. 


McPherson. 
B.  K.  Ross. 
B.  R.  Rosa. 
B.  R.  Ross,  A.  Flett, 
W.  W.  Kirkby, 


T.  Ridiards. 
W.  Dickson. 
J.  McKenzie. 
J.  McKenzie. 
M.  de  la  Trobe. 


1855;  Sept. 
1857;  J'lne,  1859 
July,    i860;  June,    "' 

1839;       'a^ 
1864 

1869;  Dec. 

1865;  May,  1866 
;.  1821;  July,  1822 
;,  1830;  May,  "" 


OrO. 

7„  2.  9.  M. 

a..5„G,' 


Doye,  Rep.  Ur.  Assoc.  1847. 

S.  Coll. 

S.  O. 

Williams'  History  of  Vermoiil. 

P.  O.andS.1.  Vol.1,  and  S.O. 

Dove,  Rep.  Br.  Assoc.  1847. 

Rich^irdsoo. 

Edin.  N.  Phil.  Journ.  Jan.  1841, 

S.  Coll. 

P.  O.  and  S.  I.  Vol.  1. 

P.  O.  and  S.  I.  Vol.  I,  and  S.  O. 

Dove,  Rep.  Br.  Assoc.  1847. 

Dove,  1857. 

Cart  Wright's  Labrador. 

S.  O. 

S.  O. 

P.  O.  and  S.  I.  Vol.  I,  and  S.  O. 

P.  O.  and  S.  I.  Vol.  1. 

Bridgewater  Treatises. 

Dove. 

Dove,  1857. 

Dove,  Rep.  Br.  Assoc.  1847, 

MS.  in  S.  Coll. 

Dove,  Rep.  Br.  Assoc.  1847, 

Dove,  1857. 

Richardson. 

Richardson, 

MS. 


n  S.  Coll. 


D.  Gunn. 
H.  Connolly. 
H.  Connolly. 


P.  O.  and  S.  I.  Vol.  1, 

F.  O.  and  S.  I.  Vol.  ] 

S.  O. 

Richardson. 

MS.  in  S.  Coll. 

S.  O. 

S.  0. 

Richardson. 


NEW  FOUNDLAND. 


Jan.      1834;  Dec.  183S 


J.  Templeman. 

G.    R.    Kennedy,   J. 

Delaney  &  sons,  E. 

M.J.Delaney,  R.C. 

Caswell. 


Printed  Sheet. 

Sin.    Coll.,     New    Foiindland 

Aim.  1862,  P.  O.  and  S.  I. 

Vol.  l.,andS.  O. 

Trans.  Nova  Scotia  Inst.  Nat. 


orrectcd  by  Dove's  tabic  ■ 


'0." 

10  Observafio 

ns  made  in  several  local 

iation  by  mea 

jis  of  the  general  table. 

"  Colonial  Building"),  and  at  v 
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PROVINCE  OF  NOVA  SCOTIA. 

Name  of  Station. 

3 

1 

X 

1 

1 

%. 

1 

i 

.£■ 

% 

1 

0 

i 

^   ! 

I.  Albion  Mines       .      . 

4S°34' 

62°42' 

120 

19°.  15 

l9''-42 

27''.30 

37''.43 

48°.  73 

8°.63 

6=.ig 

5^54 

6°.  30 

i6°-47 

5°-75 

23^.98 

2.  Caledonia  Coal  Mine 

46    13 

59  57 

60 

19.27 

19.70 

24,23 

32,77 

41.42 

54-15 

60.55 

64.15 

57-03 

45-07 

3.  Halifax      .... 

44  39 

63  35 

8 

33-44 

23-65 

29,95 

3S.13 

48,35 

56,90 

64,51 

63.74 

57.96 

48.91 

39-34 

28.75 

4.   Halifax       .... 

44  39 

63  35 

.,       .. 

5.   Halifax!      .... 

44  39 

6335 

23.75 

24,50 

29,00 

38-50 

47.75 

56.25 

62,00 

63-25 

57-25 

46.50 

39.00 

26,25 

6.   Halifax       .... 

44  39 

63  35 

130 

20.20 

23.3' 

27.47 

37.26 

47.97 

58.92 

63.98 

64.15 

58,31 

46.11 

36,04 

25.  IS 

7.  Windsor    .... 

44  59 

64  07 

?nn 

26.84 

29.01 

36.33       48.96 

61,05 

70,47 

75.82 

75.02 

66,68 

54.26 

40,61 

32,12 

8.  Windsor     .... 

44  59 

64  07 

200 

23.27 

30.  &3 

38,07 

48.48 

60.35 

66.05 

64,68 

57-25 

46.26 

37.3' 

25.54 

9.  Wolfville   .... 

45  "& 

6425 

80 

21.73 

23.84 

28,98 

39.86 

50.  oS 

60.03 

66.22 

65.26 

57-24 

47.28 

38,18 

26.36 

PRINCE  EDWARD  ISLAND. 

I.  Charlottelown      .     . 

17.91          23,52 

37,60   j   51.59      60,19  1  69.48      6?,6S      59,49     45,79      37,49 

28.60 

PROVINCE  OF  NEW  BRUNSWICK. 

I,   Fredericton     .      .      . 

45  57 

66  40 

17- 

24. 

33- 

40 

37- 

48.5 

65.5 

69.75 

61.5 

47-S 

31- 

I3.S 

2.  St.  John      .... 

45  22 

6604 

135 

.8,2. 

21,97 

27.81 

36.35 

,«.. 

54.49 

59-27 

59,01 

54.80 

44.53 

35.59 

PROVINCE  OF  QUEBEC  (CANADA  EAST). 

I.  Fort  Coulonge   .     . 

,T0, 

28.74 

65.40 

69,40 

66.46 

56.28 

i7,or 

17,68 

24.90 

31. « 

Montreal       .     .     . 

14.66 

18.13 

28.43 

41.94 

78.89 

69,67 

60.23 

47.43 

33-83 

58.14 

08.-17 

19.07 

Montreal       .     .     . 

28.63 

41,84 

71.01 

74,46 

Montreal        .      .      . 

45  31 

73  33 

Sf 

15,00 

16.40 

28.40 

39-80 

55.40 

71.00 

68.40 

55-80 

44.60 

34-40 

17.80 

Montreal        .      .      . 

Tl^ 

17.27 

27,05 

40,76 

67,01 

68.32 

60.21 

47.66 

19.65 

« 

Montreal       .     .     . 

45  3' 

73  33 

Nicolet     .... 

46  14 

13.26 

13,^6 

27.22 

39.48 

63.  qS 

68.50 

67,83 

44.32 

17.24 

Quebec     .... 

bo. 

67, 

36. 

Quebec     .      .      .      .' 

46  49 

100 

9,88 

12,79 

24.36 

52.88 

6l.bQ 

6^.51 

56.25 

44.13 

3'.S4 

17.28 

QuebecS    .... 

4648 

I- 

QuebecB   .... 

46  4S 

33< 

6393 

6^b^ 

50.21 

45-28 

46  49 

10,98 

14,83 

3940 

S3- 58 

65,27 

71.29 

70.77 

57-5° 

43.70 

34-32 

12.64 

Quebec     .... 

12,65 

22.66 

54.84 

66. 8S 

62.18 

42,80 

13-89 

Ib 

46  49 

;;i 

18.35 

45  32 

7346 

10,94 

25.26 

39.78 

54.77 

65.42 

71.48 

67.32 

46.23 

31-73 

16,33 

19 

Sherbrooks    .      .      . 

45  25 

71  S3 

,8,5 

11,9 

22,9 

35,9 

38,9 

64,3 

■;fi.7 

20.   Stanbridge     .      .      . 

4S  08 

73  00 

222 

:4.6s 

25-43 

39.81 

54-33 

64,07 

bM.32 

65.71 

56.87 

44.18 

33-15 

19,27 

'  Observations  for  iS 

53-54,  at  7„  2,  9„.                                                        '  Results  from  three  observations  daily,  at  hours  not  stated. 

a  At  the  even  hours. 

'l"he  values  for  2^  and  4^  were  interpolated  from  the  readings  at  midn't  and  6^,  and  by  means  of  a  mininrnm  thermoni 

ter. 

'  Corrected  for  daily 

variation  by  means  of  the  gpneral  table. 

s  At  the  Barracks,  R 

A.,  opposite  Montreal.      During  the  first  year,  the  observations  were  made  bi-hourly,  at  tlie  even  hours;   during  the  se 

cond,  hi- 

hourly,  at  tlie  Bo'ii  hours. 

6  Cape  Diamond. 
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1 

1 

1 
< 

S 

1 

37°.  82 

63=-52 
59,62 

46M7 
46,31 

ll'i 

42'',o9 
40,00 

38,82 

61.72 

48.74 

25,28 

43.54 
43-65 

38. 42 

60.50 

47,  S  8 

24.S3 

42,83 

37-57 

62.3s 

46,82 

22.90 

42.41 

48,78 
39,o& 

73.77 
63.69 

53,85 
46,94 

29.32 
23.77 

51-43 
4336 

39.63 

63.84 

47.57 

23.98 

43-75 

PROVINCE  OF  NOVA  SCOTIA. 


Dec.  1869 
Feb.  1861 


I.n. 
Sept. 


e:-d,  C.  Harrison. 


Colonel  Myers. 
Y.  Allison. 


Proft.  J.  D.  Everett, 
H.  How,  and  J,  M. 
Hensley. 

A.  P.  S.  Stuart,  C.  F. 
Harll,  D.  F.  Higglns. 


MS.  in  S.  Coll. 

Trans.  Nova  Scotia  Inst,  Nat. 

Sci.  Vol.  11. 
Dove ;    Board   of  Trade    Fiist 

Paper;  P.  0.  and  S.  I.  Vol. 

1,  and  S,  O. 
Trans.  Nova  Scotia  Inst.  Nat. 

Sci.  Vol.  I. 
Trans.  Nova  Scotia  Inst.  Nat. 

Sd,  Vols.  I  and  11. 
Trans.  Nova  Scotia  Inst.  Nat. 

Sci.  Vol.  II. 
S.  Coll. 
P.  O,  and  S,  I.  Vol,  i,  and  S.  O, 


P,  O.  andS,  I.  Vol.  I 


PRINCE]  EDWARD  ISLAND. 


PROVINCE  OP  NEW  BRUNSWICK. 


PROVINCE  OP  QUEBEC  (CANADA  EAST). 


44,21 

14.69 

41-80 

39.08 

07.23 

10,96 

42,12 

72,23 

43,71 

70.77 

46.94 

17.19 

44.65 

43.15 

72,8b 

45.12 

41.20 

16,40 

42.77 

41.13 

08.77 

47-79 

43.5s 
41-45 

66.64 

44.81 

41.46 

3S.«. 

67.67 

43-07 

13-33 

40,67 

38-^-3 

05-34 

43.97 

13-32 

40.31 
37-19 

40.45 

69,11 

45-17 

13,82 

41,89 

39-05 

68,oS 

46.10 

14-15 

38.84 

68.00 

46.04 

14,18 
17.13 

41,76 

39-94 

45-52 

14,61 

42,03 

39-85 

44.73 

16,95 

41,89 

Jan.   1824;  Dec.  1831 

Aug,  1839;  July,  1841 

1826;  1840 

Jan.  1826;  Dec.  1852 

Jan,   1845  ;  Dec.  1S53 

Jan.  1846;  Dec.  1850 

Sept.  1855;  June,i863 

1S57;  i86r 


;   Dec.  ] 


Severight. 
J,  S,  McCord. 
J.  S.  MeCord. 
W,  S.  Kaltel. 
L.  A,  H.  Latour. 
Dr,  Bethime, 
Dr,  A,  Hall. 


J,  C,  Baker,  A.  H,  1 


S,  Coll. 

Printed  Report,  Montreal,  1842. 

Drake. 

Hall's  MS,  Phil,  Mag. 

MS.  in  S.  Coll. 

S.  Coll. 

P.  O,  and  S.  I,  Vol,  I,  and  S,  O. 

Trans.  Nova  Scotia  Inst.  Nat. 

Sci.  Vol.  1, 
S.  Coll. 
Sill.  Journal. 
S,  Coll. 


Dove,  1853. 

Bouchelte. 

Bridgewater  Treatises. 

S.  O. 

S,  Coll.,  P,  O.  and  S,  I.  Vol.  I, 

and  S.  O. 
S.  Coll, 
P.  O.  and  S.  I,  Vol.  I,  and  S.  O. 


'  Hours  of  observation  6^^  g^  N.  3,  6„  9,, — Captain  Lefroy,  i 
annual  temperature,  resulting  from  the  last  five  years  of  this  serie 
hours  of  observation, 

6  Observations  for  4  years  6  months  of  this  series  were  made  c 
1  Observations  for  the  first  live  months  at  "  Hatley,"  a  few  mi 


the  "Canadian  Journal"  for  November,  [852,  notes  a  diminuliol 
when  compared  with  that  for  the  first  four  years.     It  appears  to  1 


IS  of  the  general  tabic. 
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PKOVINCE  OF  ONTARIO  (CANADA  WEST). 
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^     ' 

1 

U 

ti 

i        i     J 

A 

3 

■^ 

h 

S 

s 

-. 

■2. 

< 

■y^ 

0 

a 

» 

I     \iiL-istcr 

43"15' 

80=07' 

27°.  SO 

=5° -45 

33°-79 

43°.8o 

54°.6o 

63°.  20 

68=.73 

56».42 

59°.oi 

47''.34 

37°.64 

30°.  23 

2    B  intfiid 

43  "» 

So  14 

27.00 

25,87 

35.  S8 

51.50 

61.75 

72.62 

78.7s 

75.38 

63-13 

49,00 

37-44 

3    Uiftoni 

41  05 

79  00 

36,60 

36.57 

39-27 

50,89 

68, 61 

73-83 

70,69 

60.30 

47- 98 

39-50 

28^60 

4    FoifWilliam 

4S  23 

bj    23 

5,70 

22,72 

31,42 

48.87 

58.73 

62.19 

58-84 

48.16 

41.88 

23-43 

1S.16 

5    Hamilton 

43  15 

79  57 

300 

26.43 

26.29 

33.73 

43.68 

55-60 

66,47 

72.46 

70.44 

61.S6 

49-65 

39-84 

29-93 

6    Kingston 

44  '3 

70  29 

300 

16.0 

20,5 

32.0 

48,0 

56-0 

63,0 

6S-S^ 

68,0 

62,5 

46,0 

32-5 

26.5 

7     Kingston 

44  13 

76  29 

1S.99 

9.88 

37,01 

58,01 

65.99 

67.01 

59-99 

49,01 

36-99 

25,99 

S    Kingston 

44  13 

76  29 

0    Kingston 

44   li 

70  29 

294 

44  13 

76  29 

'94 

2o'.9S 

23,14 

34.00 

40.20 

59,62 

63-49 

66,26 

63,53 

59,07 

48,09 

3S-34 

19,07 

gue 

47   '0 

79  31 

630 

923 

18.44 

24.41 

39.04 

49.35 

62.75 

67,28 

65-58 

53-39 

40-83 

25-97 

17.68 

12,  Michipicoten       .      . 

47  56 

8506 

6O0 

16,66 

34-66 

51-88 

55.00 

S7-03 

60.04 

49.67 

44.92 

39,01 

22,38 

13.  Micliipicoteii      .     . 

47  56 

85  06 

660 

S.72 

12.62 

23.84 

39.00 

52-30 

59.00 

70,01 

64,68 

57." 

46.32 

32.33 

14.  Michipicoten*    .     . 

47  56 

85  06 

660 

5.79 

6.09 

16.62 

36-05 

42,12 

[55-52] 

59-03 

60,80 

51,00 

42,83 

29,62 

14,69 

43  09 

79  06 

270 

27,05 

30,81 

43-57 

49.67 

61.80 

51-17 

38-47 

34.60 

16.   Penetangusheae 

4443 

80  00 

600 

22.50 

21.23 

30.82 

37.48 

55.09 

67,85 

73-15 

68,72 

54-93 

48.83 

37.85 

24.38 

17.   Toronto    .... 

43  39 

79  23 

342 

22.24 

19-17 

29.4' 

40,44 

34-75 

26.01 

18.  Toronto*  .... 

43  39 

79  23 

34^ 

23,13 

23,03 

29-57 

41,09 

51,52 

61,60 

67.30 

66.06 

58-17 

45,80 

36-73 

36,05 

ALABAMA. 

I.  Ashville 

33  50 

S6  19 

32.75 

51-13 

42.46 

49.73 

63-50 

70.93 

72,63 

74-33 

67.46 

60,56 

46.27 

45.70 

2.   Auburn 

3^  36 

&s  31 

8'i 

42.98 

49.50 

53-OI 

64-35 

71-36 

77.56 

80.08 

79.12 

76.48 

53.88 

56,65 

48,96 

3.   Boii  SecouiB 

30  iS 

87  46 

50,45 

56.17 

62,73 

80.10 

79.03 

78,49 

58.51 

54.17 

4.  Cn.liEiwbj. 

3-  19 

87  II 

160 

82,35 

80,56 

75-39 

57.41 

57.48 

5.  Carlowviile 

^•JOS 

S7  Ob 

400 

46,98 

52,89 

58.02 

63.47 

7.V86 

78,58 

81,82 

80.42 

74-54 

64,98 

54-32 

4S.76 

6.  CoatopiT 

32  40 

88  15 

350 

49.98 

53.13 

60.55 

7>-45 

76.23 

80.35 

79,84 

74,10 

66,70 

53-03 

43-7S 

7.  Elyton,  neai 

33  30 

S654 

46,00 

50-03 

59-29 

70.19 

76.59 

$1.21 

79-34 

72.79 

63-57 

49-78 

40.08 

S.   Erie 

32  45 

87  31 

52,21 

57-20 

66.54 

66.74 

76.20 

84.78 

82,72 

76-99 

57.02 

55-32 

54-30 

9.   Erie 

33  45 

S7  31 

45,62 

51.86 

58,92 

63,92 

73-83 

75-70 

80.81 

81,51 

75-19 

64,80 

S3- 20 

47-24 

!o.   Eutaw' 

32  SO 

S8  00 

52.22 

58-04 

65.68 

73-5S 

79.93 

82. 40 

80,69 

73-73 

61.S4 

50-47 

45- !o 

II,  Florence 

34  47 

87  41 

455 

43.8 

63-0 

63-5 

70.0 

77-3 

77.0 

78.7 

72.6 

59-0 

56.5 

44.3 

12.  Fort  Morgiin° 

30  '4 

88  01 

55.29 

50.34 

56.16 

65,11 

74.97 

80.01 

82.18 

81.38 

76.96 

70.94 

60,86 

56-84 

13.  Fori  Morgan 

30  '4 

8801 

58.96 

55.50 

63.61 

69-33 

71,04 

80,86 

85-34 

86,64 

82-95 

71-83 

60.93 

55-84 

14.  Greene  Springs 

32  50 

87  46 

500 

43.60 

49-49 

56,01 

62,75 

70,79 

76.99 

79.58 

78.77 

73-09 

61, go 

53.07 

45-77 

15.  Greensboro" 

'  3'  43 

8740 

350 

45.39 

50.47 

56.16 

61,90 

70-31 

76,92 

79-31 

78,28 

73.22 

61.97 

52.60 

47.21 

16.   HuntsviUe 

1    ,4  45 

86  40 

600 

42,06 

43,59 

51.34 

61.30 

67-25 

74.23 

76.39 

76,24 

70.15 

59.50 

49.74 

41,81 

17.   Mobile 

Sb  0- 

'5 

51.3 

53.7 

59.4 

67.1 

74-1 

77-8 

79.8 

79-4 

76.1 

65,7 

57.0 

52.3 

18.  Mobile 

3041 

8802 

IS 

55-25 

55-57 

65.64 

70.00 

76.37 

82.17 

82.41 

82.76 

77.59 

57.95 

59-92 

54-32 

rg.  Monroe 

j3    2i 

86  40 

56.99 

62,97 

71,97 

73.00 

75-98 

78.98 

79.99 

61,99 

20.  Monroeville 

31    32 

S7   2S 

47,91 

56,40 

62.78 

65.59 

73-50 

73.31 

79-99 

76.13 

69.46 

56-38 

52-73 

21.  Montgomery 

32  '3 

S6  i8 

!62 

46.98 

52.73 

60,88 

63,80 

75-49 

77,63 

73-40 

61.40 

50.19 

50,18 

22.   Moulton 

34  29 

S723 

643 

41,66 

47-47 

52-63 

61.46 

68.49 

74-17 

77.30 

{(>'.i^ 

70.19 

56.95 

48.33 

42.93 

23.  Mount  \iry 

32  20 

S652 

47.73 

60,96 

.. 

78,91 

82,45 

85.85 

77-80 

66.22 

54.69 

2d.   Mt.  Vernon  Arsenal 

31  05 

8802 

20c 

49,98 

54.20 

60,09 

66.60 

74-05 

78.48 

80.  T5 

79.85 

76.17 

66,03 

S6.84 

5'. 37 

25.   Newbern 

32  3S 

87  37 

51.89 

47-94 

26.  Opelika,  near 

32  38 

85  2? 

45-77 

50,70 

56.88 

62,84 

68.96 

77.74 

8o.'iS 

7S.41 

74,81 

63,31 

52,08 

46,93 

27.  OtviUe 

32  20 

8720 

61.97 

56-45 

45.00 

'  Near  Niiigara  Fal 

ThLs  series  has  been  formed  by  combining  the 

observations  at  "  Clifton"  with  those  al  "  Siispcnsio 

n  ]3ridg 

,  N,  V."     They   ' 

were  made  at  various  ho 

ars,  and  have  been  corrected  for  daily  variation  by  n 

eans  of  the  general  table. 

a  Corrected  for  daily 

variation  by  means  of  Dove's  Toronto  table. 

s  Value  for  June  interpolated. 

*  "  Tbe  readings  wer 

e  recorded  regularly  at  8„  N.  5„  8^.    When  the  high 

st  or  lowest  temperature  for  the  day  occurred  at  other  periods  it  was  r^iste;-ed, " 

«  Magnetic  and  Met 

orological  Observatory,  in  the  grounds  of  the  Univ 

Tsity  of  Toronto,     The  hours  of  observation  for  1840  are  not  known,  but  the 

results  can  differ  little  frt 

m  the  true  mean  of  the  day;  from  January,  1841,  to 

June,  1842,  the  observations  were  taken  bi-hourly;  from  July  r,  1S43,  to  June 

30,  1848,  hourly.     After 

sards,  to  the  end  of  1852,  the  observing  horns  were 

irregular;  not  less  than  sIk  readings  were  taken  daily,  and  some  hourly  and 

bi-hourly.      From  Janua 

y,  1853,  to  the  end  of  the  -.eiies,  the  observation 

were  taken  regulai-ly  at  6„  8„  2^  4„  I0„  and  M„  "  excepting  on  Sundays, 

Christmas  day,  and  Goo. 

.   Friday,  when  the  iiislrumenls  weie  read  at  6^^^  z 

only.      These  latter  readings,  though  recorded  in  the  daily  register,  ate  not 
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65.20 
57.35 
64-56 
[58.45] 

69,91 

64.99 


44.96 

.,4.07 
42.77 

44.56 
45-07 

3950 


Extent  Observing 


Jan.  1835  ;  Dec.  1 
Nov.  1836;  Dec.  1 
May,    1867;    Dec.  3 

Jan.     18^6';' Dec.  1 

Jaly,     1843;    Feb.  ] 

isjei ^858 

1856;     i86z 
Jan.   1859;  Eec.  ! 


1847 
Nov.  i860;  Mar.  1S66 
Feb.  i86ri  jnne.iMj 
May,  1825 ;  Apr.  i8a6 
Jan.  1831;  Dec.  1839 
Jan.   1S40;  Dec.  1870 


9.5m  3-5, 


Craigie. 
McDougal. 
W.  M.  Jones. 


C.  Rankin. 
H.  PhiUipps. 
Todd. 
Dade. 


S.  Coll. 

S.  O. 

Richardson. 
Can.  Journ.  Feb. 
O.  and  S.  I.  Vo 

MS.  mS.  Coll. 

Trans'.  Nova  Scol 


Ricliardion. 


Regent's  Report. 

S.  O. 

S.  O. 

Franklin's  Second  Journey. 

Up.  Can.  Med.  Jomii. 


ALABAMA. 


5190 

6    91 

6445 
61  71 

72.63 
78.95 

8<;.27 

78.81 

58.  .0 
65.34- 

64.61 
64.61 

43.19 
47-15 
53.60 

49-54 

56.45 
63-59 

64-'72 

{ 

59  S4 
6983 
6556 
f5  77 
6550 
6541 

ESI 

79-34 
81.01 
77.67 
81.19 

66:44 
64.40 
62.01 

69-59 

54-57 
^.24 
46.23 
44.20 
54.16 

68.45 
64.38 
63-75 
62.52 
67.59 

Z't 

84. 28 

78.45 

71,90 
62-35 

56.77 
46.29 

70.24 
62.57 

6    79 

78.17 

62.26 

47.69 

62.73 

59  9'' 
6    ^7 
7007 

75.62 
79.00 
82.45 

59-80 
66.27 
68.49 

42-15 
52-43 
55-05 

lit 
69.16 

69  o« 
(7  29 

6D7 
6086 

78.32 
79.48 

75-*95 

67,32 
61.66 
58.49 

52-35 
49.96 
44.02 

66.61 
59.'S3 

6c  91 

S2.40 
79-49 

66.24 
66.35 

51-85 

66:15 

62)59 

78.73 

63.07 

47-80 

63-'i3 

May,    1824;   June,r8; 

1849;  1852 

1S50;  1853 

1849 

Jan.      1835;    Dec.  iSf 


Jan.      1S54;    Dec.  1870 
5;    Jan.    1870 
1842 


Apr.     1840;    Feb 


1S70 


1849;     1S53 
Mar.  1849;  -^pf.  '86r 
Mar.  1S59;  Dec.  1869 


Aug.    1S40;   Nov.  1 8 Go 


7„  2^  % 

7m  2=  9. 

7^  2,^9.  ^^ 

6„,  N.  4. 
Or  9„  3„  9. 

■■■«>■■■ 

hourly. 
7„2„9^^ 

7„  2.  % 

Or9,,j^3,.9. 

7m2„9^U, 

Gr9,,,3„9, 

0r  9„,  3.  9„ 
7^  2,  9,  „, 
7„  2.  9. 

T.  M.  Barker. 
Prof.  J.  Darby. 
W.  J.  Yankirk. 
Dr.  M.  Troy. 
Dr.  H.  L.  Alison. 

S.    U.    Smith, 
S.  K.  Jennings. 
E.  B.  Shields. 
Osbom. 

Jennings  and  Osborn. 
A.  Wincbell. 
R.  Gifford. 
Assistant  Surgeon. 

OfficersofU.  S.  C.  S. 
Tutwiler    and   J. 

.  A.  Wright. 
R.  B.  Waller,   Dr.  S. 

K.  Jemiings. 
Allan. 


Dr.  S-  : 


i.  Taylor 


North,  L. 


Gumming. 

Swan&l.  A.  Shepherd 

A.  J.    Harris,   A.   D. 

Hunt,  T.  M.  Petera, 

J.  Shackelford. 
Percivall. 
Assistanl,  Surgeon. 

A,  Wincbell. 

E.  B.  &  J,  H.  Shields. 

Dr.  S.  K.  Jennings. 


R  O.  and  S.  I.  Vol.  i 

S.  O. 

P.  0.  and  S.  I.  Vol.  1 

P.  0.  and  S.  I.  Vol.  I. 


Ar.  Met.  Eeg.  1855, 

from  S.  G.  O. 
S.  Coll. 
P.  O.  and  S,  I,  Vol.  I, 


Patent  Office  Report. 
Am.  Aim.   1842  and  foil 

S.  O. 
Dove,  1857, 
S.  Coll, 

P.O.  andS.I.  Vol,  I,an< 


S.  Coll. 

Ar.  Met.  Regs.  1855,  and  1} 

and  MS.  from  S.  G.  O. 
S.  Coll. 
S,  O. 
P.  O.  and  S.  I.  Vol.  I. 


n  (he  hourly  mean 

duties  of  the  observatory  art 
e  Observations  in  1867-1 
e  Observations  in  1853  a 


i  of  the  month."     From  1841  10  1863,  inclusive,  the  observations  have  been  corrected  for  daily  variation,  but  since 
month  amounts,  in  maximo,  to  only  about  +",1,  and  for  the  year  to  but  +  °.02,  it  has  been  omitted  from  1864-1 

carried  on  by  the  director,  G.  T.  Kingston,  A,M.,  assisted  by  Messrs.  Walker,  Meniies,  Stewart,  and  Davidson. 

8  at  Fish  River,  or  Bolivar,  5  miles  N,W.  of  Bon  Secour.  T  Observations  in  August,  1S59,  at  Livingston,  5  miles  to  the  S. 

la  2i  9«-    No  correction  for  change  of  hours  has  been  applied.       '  Observations  in  1867  at  Fort  Gain. 


"'  Observations  at  various  hours ;  they  have  been  referred  to  the  mean  of  the  day,  making  use  of  the  "  Fort  Morgan  t 
"  Observations  from  January,  1868,  to  October,  l86g,  inclusive,  "6  miles  east  of  Havana;"  and  from  November,  i 
near  Greensboro."     All  the  stations  are  within  a  radius  of  a  few  miles,  and  have  about  the  same  elevation. 


5  January.  .S70,  i 
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ALABAMA 

— Continued. 

Name  of  Station, 

a 

1 

4 

i 

J5 

1 
1 

< 

1 

i 

t 

1 
< 

a, 

I 

i 

i 

2S.  Prairie  Bluff      .     . 

S^^oS' 

87''32 

46°.  15 

58°.o5 

57^.48 

65°.o8 

7i''-33 

8o°.93 

8i°.98 

8i°.43 

76''.oo 

65°.7o 

57'-65 

2g.   Selma        .... 

3^  25 

8701 

200 

49.69 

50.71 

57-43 

62,83 

74,02 

77-99 

80.66 

79.  IS 

73-77 

64-70 

54-91 

48'',22 

30.  Springhill     .     .     . 

3041 

8807 

157 

5346 

53-21 

60,74 

73-34 

87.07 

88,95 

91,26 

88,09 

82,81 

J 

64.67 

55-70 

31.  Springhill  College  . 

32.  TuscaloOBa'  ,      ,      . 

30  4> 

88  07 

157 

77-54 

33  12 

87  39 

245 

46.11 

4I.8S 

52-90 

-. 

77-47 

8i'.53 

83'.27'     78,00 

6423 

51:06 

44,90 

33    Tuskegee      .     .     . 

32  25 

8546 

59,16 

58,70 

63-74      73-67 

34.   WewokariUe       .      . 

33  18 

8fi   12 

82!8o      76^20 

35.  Vorkville      .     ,     . 

33  24 

88  18 

Z^ 

86,29      79.93 

68' 45 

55.06 

ALASKA. 

1.  Fort  Kadak 

57  4S 

15^  "' 

3j<"> 

26,51 

33.99 

38.72 

44  11 

4921 

56,03 

5!-7' 

52-13 

45,02 

38.03 

32.29 

2.   FortKenaS 

60  33 

59-59 

60. 1 S 

3.  Fort  St   M  ..had 

63  28 

IDI   5 

-  2  57 

21.37 

20.12 

25-75 

39,28 

50,27 

52,15 

54,55 

32.47 

4-23 

1.00 

4.   Fort  Tongass 

54  46 

130  30 

0 

1396 

36,28 

38,52 

44.87 

50.28 

56.42 

58-71 

59,09 

53-12 

48,81 

41,05 

38,07 

5.  Fort  Wrangel 

56  28 

145  iS 

-SOI 

32.38 

31.81 

50-54 

55-99 

58-25 

58,26 

51.83 

45-07 

37-63 

36.06 

6.  Fort-iukon 

6634 

-685 

-26.44 

—II. 16 

t2:66 

41,24 

53-49 

65-75 

5990 

38,66 

21,60 

-    S,2S 

-IS,43 

7.  Fort  ■i   kon 

6634 

145  18 

41 

—  95 

-11,6 

+  0,6 

+41.3 

8.  Illoolook'      . 

53  54 

166  24 

29.82 

31.80 

30.79 

35-72 

46,21 

50.60 

51-91 

43-'66 

36.73 

32-90 

29.64 

9.  lUoolook  .     . 

S3  M 

166  24 

3245 

32,22 

30,65 

32-45 

37-17 

43.02 

47-73 

53-15 

49-32 

40.10 

29-75 

31-55 

10.  lUoolook  .     .     . 

'53  54 

166   24 

35  « 

34,0 

28,5 

35-7 

39-0 

35-3 

30.3 

II.  Kotzebue  Sound 

163  00 

52.33 

43. 

34-04 

13.   Kotzebue  Sound 

66  58 

165    07 

15 

—15-49 

—  6,00 

14.49 

29,99 

38,77 

50.04 

43-94 

38-39 

25,00 

5-24 

13,  Nulato     .     .     . 

64  42 

■57  55 

-1770 

—12,60 

+14.S7 

26,40 

46,47 

—  9-33 

14.  Point  Clarence   . 

60  35 

16500 

-f  0.74 

+  4-59 

11.50 

32.83 

40.41 

51,91 

44.91 

40,68 

22.62 

0.63 

0.29 

15.   Point  Providences 

64  14 

m  03 

2050 

16.00 

6.26 

21.49 

29.50 

38.14 

25-49 

17-51 

3-74 

16.  St.  Paul's  Island 

57  'S 

17000 

40 

3052 

24-68 

30.79 

32,63 

38.28 

44,89 

■■ 

33-53 

29.22 

17.   Silka    .... 

57  °3 

135  20 

20 

35  73 

36.33 

39.70 

42.85 

48.80 

54,95 

5^53 

S9-03 

53.87 

46,49 

40,82 

34.61 

18.   Sitka   .... 

57  03 

ns  20 

20 

2q   ^7 

30.67 

34.02 

39-^9 

46,00 

5^-47 

55,08 

55-10 

50-0; 

44,03 

37,69 

35-9' 

19.   Sitkai  .... 

57  "3 

135  =0 

20 

iO  j3 

31.69 

34-32 

39.58 

45-84 

50,60 

54-^4 

54.43 

50-59 

43.S5 

37.27 

31.76 

20.   Sitka  .... 

57  03 

135  20 

20 

3496 

36,76 

38-04 

43-6? 

47-37 

53-82 

56,86 

57-34 

53.34 

48,20 

40,81 

35-40 

21.  Unalaklik      . 

6j  51 

160  44 

—1040 

■* 

., 

6.47 

3-'3 

ARI2 

.ONA. 

1 .  Camp  Bowie      .     . 

32  10 

109  50 

4431 

48.68 

54,95 

62.41 

70.66 

79.68 

78.23 

77,09 

75.°i 

66.78 

55-63 

48,62 

Z.   Camp  Colorado 

3408 

,1418 

54.08 

58,83 

64,66 

71,26 

79-23 

86 

96 

92-23 

83,70 

72.11 

63,8^ 

51.98 

3,  Camp  Crittenden     . 

31  43 

no  35 

42.13 

45.00 

SI. 87 

61,89 

69,41 

79 

25 

77-36 

74-53 

73-3° 

61-33 

53-64 

42.11 

4.  Camp  Date  Creek*  . 

34  iS 

112  40 

3726 

43.52 

47.35 

51.73 

61.49 

70,38 

81 

16 

83.69 

81.66 

76.4 

63,48 

53-2 

45-7' 

5.   Camp  El  Dorado    . 

35  45 

114  so 

52,92 

53-20 

74.  ss 

80,34 

78 

94,17 

6.  Camp  Goodwin 

3^  5= 

109  51 

44.63 

49.84 

56.27 

65-47 

74.83 

82 

91 

87.06 

83,52 

79,5s 

eg'.oo 

Ss'-oS 

46.09 

7.  Camp  Grant»      .     . 

32  54 

110  40 

47,12 

51.49 

57-77 

66.25 

76.62 

85 

55 

87.53 

83-69 

79,18 

70-34 

5S-24 

48.17 

8.  Camp  Hualpai»      . 

34  IS 

114 

37.02 

5940 

64,26 

71 

Si 

73-76 

71-36 

48,4 

35-67 

9.  Camp  Lincoln   .     . 

34  52 

I"  35 

64 

40 

77,38 

72,68 

63.60 

53.65 

10.  Camp  Lowell  Tucson 

-  13 

110  53 

49.16 

50,89 

58.77 

67VII 

76-58 

85 

54 

87'-;=4 

83-98 

80,77 

72,19 

61,4 

50.67 

II.  Camp  McDowell    . 

^356 

III  36 

50-36 

S3,9S 

5904 

69,69 

78,89 

88 

60 

92.42 

89.58 

83-83 

73,22 

60.9c 

52.49 

12.   Camp  Reno  ,      ,      . 

50.91 

62.48 

68,48 

78,85 

89 

56 

91-35 

88,11 

85,42 

71-38 

61, 2C 

48,19 

13,   Camp  Skull  Valley  . 

34  45 

iiz  30 

iooo 

42,16 

3903 

42.37 

57-83 

1  University  of  Alabj 

ma. 

!  Formerly  Fort  Nicholas. 

1  "  Observations  in  s 

mmer  at  6^^  6^;   in  winter  as  early  as  the  thermome 

er  coiUtl  be  read  in  the  morning,  and  as  late  in  the  evening 

—Dove 

s  correc- 

tion*  for  these  hours  at  T 

oronto  have  been  applied." 

1  Old  style.      The  d 

fercnce  in  the  calendars  is  12  days,  but  the  Russian 

5  carrying  their  time  eastward  and  we  ■w/st^aard,  one  day  m 

St  be  sii 

btracted, 

thus  making  our  account 

II  days  nominally  in  advance  of  the  Russian.     Th 

Observations  for  1866-67,  and  probably  for  the  other  years 

ftliese 

■ies,  were 

made  8^  N.  8^. 
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1 

1 

U 

^ 

64".  63 

8i°.45 

66°.  45 

64.76 

79.28 

64,46 

49°- 54 

64°. 5 1 

73-72 

S943 

72,95 

54.1  = 

72,56 

80.  ;6 

64.43 

4t-30 

So.  53 

67.8, 

ALABAMA.— Continued. 


Seriks. 
Begins.  Ends. 


?m  2.  9. 
9m  ^-   3^  % 


1854;    Mar.  185s 


Aug.     1849;    Feb.  1854 


W.  Henderson,  R,  M. 

Reynolds. 
Dr.   S.   K.   Jennings, 

C.  F.  Fahs,  R.  B. 

Deans. 
Fabre. 

Piof.  M.  Tuoraey,  and 
G.  Benagli. 

B.  T,  Holley. 
Dr,  J.  W.  Payne. 


ReF  KEEN  CIS, 


S.  0. 

P,  O.  and  S.  I.  Vol.  1 


Primed  Journal. 

S.  O. 

P.  O.  and  S.  I.  Vol.  1 

Regents'  Report. 

S.  Con. 

P,  O.  and  S.  I.  Vol.  J 


45.06      30.6; 
6','6o 


—23.91 
30.42 


43-89 
16.S4 


Nov.    1869;   Dec.  1870 
1833;  1842 


1867;  Dec.  1870 
1866;    Jan.    1867 


5  '     7,„  2.  9, 

2  [ 

"  7„,2.  9.„i. 

4  7„  2^  9^ 

4  7,„  3„  9. 

I  M,  N.  E. 

7  7Z  2I  9I 

3  max.  &  min 
o  lioxuly. 

o  W4: 

9 

10  7„  %  9. 

9   9o,  N.  3.  % 

6  hourly. 


!  Assistant  Surgeon. 

H.   M.   Bannister,  J. 

M.  Bean. 
Assistant  Surgeon. 


R.  Kennicott. 
Bishop  Veniamisnoif, 
I.  Shayatiiikoff 


W.  H.'bali." 


Assistant  Sui^eon,  C. 
F.  Westdaht. 


MS,  from  S.  G,  O, 

S.  0. 

MS.  from  S.  G,  O. 

Richardson. 

S.  Coll. 

Ex.  Doc,  (H.)   No.   177  , 

Cong.  2d  Sess. 
Dove,  1857. 
U.  S.  Coast  Survey. 
Dove,  Rep,  Br.  Assoc.  l8i 
Dove,  1S57. 
S.  O. 
Dove,  1857. 

MS.  from  S.  G.  O,  and  U.S.C.  S. 

Dove,  1853. 


Annales  de  L'Observatoire  Phy- 
sique Central  de  Russie,  and 
F,x.  Doc.  (H.)  No.  177,  40th 
Cong,  2d  Sess, 

MS,  from  S.  G.  O.  and  S,  0. 

S,  0. 


ARIZONA. 


62.67 

7S.13 

65.81 

47.20 

63.50 

90,  ot 

61.20 

64-37 

45-53 

6332 

84.50 

67.S9 

46.85 

66,10 

85-59 
72.31 

69.25 
63.3s 

48.93 

67.4c 

85-52 

71. 4f 

50.24 

OP.  2, 

72M 

71.08 

69,94 

89.67 

72.67 

48.98 

70,31 

J 

6;  Dec.  1870 
Sept.  l866;  Dec.  1870 
869;  Feb.  1870 
1867 


3     5        7„f=9 

38 

06  " 

3  10  ^^ 

o  8 
o  5 
40 

4  3 


MS.  from  S.  G.  O, 


s  Corrected  for  daily  variation.  ^  In  Siberia. 

1  Old  style.  The  observations  were  taken  at  the  Magnetic  and  Meteorological  Observatory  on  Japonski  Island.  From  May,  1847,  to  March,  1849,  and 
for  1862  they  were  mode  hourly;  from  June,  1S49,  to  Dec.  1S56,  17  oijservations  were  taken  daily,  hourly,  from  6^  to  lo^;  for  the  years  1857-1861,  and 
1863-64,  19  observations  were  taken  each  day,  hourly,  from  4„  to  10^.  Tlie  observing  hours  in  1867  not  stated,  but  the  corrections  to  them  must  be  very 
small.      Tlie  series  has  been  corrected  for  daily  variation  by  means  of  the  Silka  table  by  Schott. 

8  In  1867-68  (;alled  "  Camp  MtPherson,"  8  Formerly  "  Fort  Bretkenridge."  'o  Also  called  "  Fort  ToUgate." 
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14.  Camp  Verde 

15.  Camp  Wallen     . 

16.  Camp  Willow  Grove 

17.  Fort  Buchanan 

.   Fort  Canbyi  . 
19.  Fort  MojavS 


!    Fayetteville 
3    FlippnsBaii 
4.  Fo  t  bmith 


35  43    ■ 
35  06 


5330 


ARIZONA.— Continued. 


48^.49 
46.53 
38.70 


31.29 
56.42 


50.  S4 
39' 5° 

42.29 


59.37 
47-3° 
73.^7 


94.51 
73.^3 


79°.  56 
74.92 
73.16 
75-79 

93.25 
70.  gS 


62''.i3 
63.61 
57-99 


47.35 
74.84 
55-85 


5 1  "^53 
52.30 
44.06 
48.54 

37.57 

61.73 


26.3J 
53-5° 


ARKANSAS. 


5  Fort  Wayne 

6  Helena  neav 

7  tacksonporb 
S  L  ttle  Rocl 


92  48 

57-16 

3t>o^ 

94  I 

US" 

61.15 

51.80 

92  -3 

4063 

4!  13 

52.66 

64.30 

71  24 

75.70 

77-95 

43.28 

o5     3 

94  29 

400 

.8  17 

44  j3 

50.92 

62.3s 

69.10 

76,32 

80.23 

7S.88 

72,76 

60.43 

o5  25 

94  jS 

43    0 

51  " 

55.88 

6=.86 

67,80 

75-89 

77-37 

76.92 

68. 58 

60.19 

44.28 

j4  36 

)o   ,6 

41  17 

44^7 

53.89 

61.76 

69,02 

75.25 

80.Q2 

80.14 

72,67 

58.12 

53-54 

35  40 

91   15 

79.17 

o4  40 

92    12 

39  "^I 

4962 

49.64 

62.58 

70.W 

82.37 

75.71 

50.97 

33  14 

93  35 

4875 

51  55 

60.75 

71.15 

76.70 

62.50 

60.83 

o3  44 

J3  41 

6bo 

4296 

4760 

53.  S4 

63.06 

69,87 

76.32 

79.87 

7S.37 

72.42 

60.60 

50.59 

CALIFORNIA. 


I.  Alcat.az  Wui-l 

j7  A} 

-2  25 

53-18 

5482 

54,69 

55.49 

55-94 

56,61 

57.77 

SV,So 

59.40 

60,^1 

S8.Q9 

5S-iS 

2.  Angel  IbHicU 

50- S8 

58.10 

60,13 

63,14 

62,71 

61,05 

52.66 

3.  Auburn 

38  SI 

65.70 

60,40 

81.SI 

5S-16 

4.  Beiiicia  BarraU>sS 

,,803 

122  09 

64 

47-43 

50-94 

53-93 

58.34 

60.92 

66,47 

67.78 

66.75 

63-32 

55-27 

47-88 

5.  Cahto 

j9  is 

123  17 

20C« 

49.03 

49.28 

47-25 

53-70 

59.  iS 

65.45 

76.08 

72.75 

65.35 

60.07 

54.08 

45-72 

5.  Cami  tibbiCt 

3622 

55.87 

64,96 

74-30 

75.32 

82,02 

81.00 

64.50 

7.   Camp  Bidwell 

30.42 

32.66 

73.87 

61.04 

50.41 

33.82 

8.  Camp  Cady 

3458 

116  32 

3no( 

46.13 

51-04 

58.76 

70,08 

76,78 

E8.31 

92,72 

79-75 

64.17 

42.94 

9,  Camp  Fir  West 

48,45 

59,20 

76.29 

69-34 

65-35 

52.30 

44.8  S 

10.  Camp  Graston 

56.12 

73,9b 

57-67 

46.21 

II.  Camp  Independence 

jS  5° 

4Mm 

37-87 

41,29 

48.07 

57.50 

65-42 

70,14 

79,61 

71.72 

59.16 

48.07 

18.97 

12.  Camp  Lincoln 

41  50 

124  05 

46.49 

48.03 

54-92 

57-75 

55-47 

51.54 

13.  Camp  Union 

38  .2 

121  30 

V 

47. 77 

53.45 

62,45 

70-24 

73.10 

74-09 

70,29 

03.50 

51-39 

40,b8 

14.  CampWnght 

39  4!' 

123  17 

40.41 

44-34 

47-59 

55.22 

70.15 

77-73 
85.78 

76.11 

59.03 

49.63 

43,69 

15.  Chico 

50.88 

67,40 

76,30 

81.55 

71.70 

16.  Clayton 

37  56 

121  55 

7fc 

50.78 

52.33 

49. 7S 

57.10 

17.   Creicent  City 

41  45 

124  12 

42.93 

18.   Downieville 

120  49 

70.13 

59-30 

50.80 

42.38 

36.19 

19.   Drum  Barraclcs 

lis  17 

6r.i2 

68.16 

72,83 

74-68 

70.82 

66,91 

^6,02 

0840 

55-03 

58-57 

80,50 

77.54 

74.  So 

21.  Fort  br  .gg 

22.  Fort  Crook 

47-17 

49.11 

50.19 

^^.W 

57.98 

59.64 

57-34 

54.13 

49-56 

41  07 

121    9 

3390 

9  59 

34.41 

40.76 

49-05 

56,91 

72,3b 

1-3-19 

50.91 

41.49 

33-52 

23.  FortHnnboldtl 

4^45 

1-4  10 

50 

47    9 

47-55 

49.22 

51,84 

55-00 

58.20 

58.09 

58- IS 

57-67 

54.05 

51-25 

46.17 

24.  Fort  Toneii 

41  36 

3S.13 

57.62 

67.4  s 

7V^S 

65.68 

51  27 

25.   FortMiUei' 

37  00 

119  40 

402 

47.61 

53.09 

57.80 

64.70 

70,70 

88,53 

85-71 

77-46 

67,86 

54-92 

47-47 

I  Old  Fort  Defiance.      The  observations  previous  to  1855,  were  taken  al.  Q,  9^  3„  9^  and  have  been  refenei 

«  Oljservatioiis  in  1859  at  Yellville,  some  miles  to  ihe  southwest. 

3  Observations  at  various  hours ;  tbey  have  been  corrected  for  daily  variation  by  means  of  the  general  table. 


IS  of  the  general  table 
lied  Camp  Reynolds. 
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Google 
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ARIZONA.— Continued. 


Begins.  Ends, 


60.77 
51-53 
59-35 


72,70 
53.67 


76.13 
68.47 


47.85 
73-57 
55-17 


27.23 
54- o; 


63=.  20 
61.74 
55-33 
59-56 

47.67 
73-33 


Dee.  1S68;  Dec.  1870 

Nov.  1866;  Sept.  1869 

Feb.  1S6S;  Sept.!"' 

Aug.  .857  i  J«ne,i 

Dec.  1851;  Nov.  1863 

Jime,  1859;  Dee.  i 

Jan.  1865;  Dee.  i 

Sept.  1867;  Feb.  i 


Assistant  Surgeon. 


■,  Met.   Reg.  t86o,  and  MS. 

from  S.  G.  O, 

■.  Met.  Regs.  1855  and  i860, 

and  MS.  from  S.  G.  O. 

.  Met.  Reg.  i860,  and  MS. 

from  S,  G.  O. 

S.  from  S.  G.  0. 


62.73 
60.79 

78:71 
78. 48 

60'.  65 

36.49 
40- 55 

60.12 

6z.i8 
61.56 

76-73 
78,77 

57.68 

6r..8 

43-72 
43.09 

60-08 
61.15 

60.76 

81.57 

64.29 

44.21 

62.71 

fdl 

78.19 

6i'.20 

44.61 

61.56 

AHKANS.dS. 


Assistant  Sui^eon. 

O.  F.  Russell. 

Dr.  G.  A.  Martin. 

Anthony  and  Dr.  W. 
J.  Goulding. 

P.  F.  Finley. 

Dr.N.D.  Smith,  Assis. 
Sui^.,  H.  Bishop, 
andDr.A.P.Moore 


Ar.  Met.  Regs.  1851, 1855,1860, 

S.  Coll.,  S.  O.  and  MS.  from 

S.  G.  O. 
Ar.  Met.  Reg.  1851, 
S.  O. 

P.  O.  and  S.  I.  Vol.  I. 
Am.  Aim.  1842,  Ar.  Met.  Reg. 

1851  and  S.  Coll. 
P.  O.  and  S.  1.  Vol.  I,  and  S.  O. 
S.  Con.  to  Kno-w.  i860,  S.  O. 

MS.  from  S.  G.  O. 


CALIFORNIA. 


55-37 

57.39 

59.57 

54.39 

56,68 

57-79 

62.85 

60.68 

52.09 

58.35 

57-73 

67.00 

61-59 

48.75 

58,77 

53.38 

7'-43 

59-83 

48.01 

58.16 

49-42 

■;i-64 

6b,  ^4 

89.9S 

65.28 

46.70 

67.63 

59-16 

74-49 

62.33 

60.55 

58.07 

57.78 

78.92 

59.65 

39-38 

^Hi 

59-53 

5S-'2 

47. '7 

6.-73 

48.08 

61.63 

42.48 

59.61 

S1.21 

5°:  8-, 

48.05 

71.8Q 

tb.v 

58.32 

53-83 

48.04 

53.8s 

4S.91 

S'-86 

32.5' 

50.72 

52.02 

58.15 

54-32 

47.00 

52.87 

5 '-49 

71.12 

52.35 

34.08 

52.26 

6440 

85.70 

66.75 

49.39 

i86o;  Dee.  1870 

1867;  Dec.  1870 

1859;  May,  18S0 

1849;  Dec,  1S70 


i863;  Dec.  1870 

1850;  Mar.  1852 

,  1S61  i  Dec.  1870 

,  1862;  Dee.  1870 

,  1866;  May,  1869 

1864;  Aug.  1865 

.  1864;  Dee.  1870 


i860 
1859;  Dec.  i860 
1864;  Dec.  1S70 

1861 
i860;  Sept,  1864 
1858;  Apt.  1869 

1854;  Dec.  1869 


McClung. 

Randall. 
.  R.  Kibbe. 
ant  Surgeon. 
Blalceslee. 
ant  Surgeon. 


MS.  from  S.  G.  O. 

P.  O.  ivnd  S.  I.  Vol.  I,  and  S.  O. 
At.  Met.  Regs.  1S55  and  1E60 

and  MS.  from  S.  G,  O. 
S.  O. 


P.  O.  aiidS.  I.  VoI.l,anJS.  O. 

MS.  from  S.  G.  O. 

S.  O. 

MS.  ti-om  S.  G.  O. 

Ar.  Met.  Reg.  i860  and  MS. 

from  S.  G.  O. 
Ar.  Met.  Regs.  1855  and  i860, 

and  MS.  from  S.  G.  O. 
Ai-.  Met.  Regs.  1855  and  i860. 
Ar.  Met.  Regs.  1855  and  i860, 

and  MS.  from  S,  G.  O. 


«  Observations  prior  fo  1855  atQ^g^s^g,; 
■        ■    -^--^e  of  hours. 


»  UDservaiions  prior  10  1055  at  [ 
111  is  not  affected  by  this  change  ol 
6  Observing  hours  irregular;  c'-' 


:ted  for  daily  v 


plied,  making  use  of  tile  Key  West  Table,  lo  refer  them  to  7^  z^  9^,      The  a 
'  Observations  previous  to  1855  at  Q^  g^  j^  9^,,  referred  to  7^^  2^  9^. 


Hosted  by 


Google 


TEMPEUATUBK    TABLES. 


CALIFORNIA— Continued. 


Name  of  Station. 


26.  Fort  Point'    . 


32  Indian  Valley 

33  Los  Angeles 

.  Mcire  Island,  Naval 
Hospital 

35  Marsli  Ranche 

36  MaiysviUe 

37  Meadoii  Valley* 


38    Monterey^ 


39  Murph)  I 

40  New  San  Diego 
Paridise  City 
Point  San  Jos6 

43  Presidio" 

44  Rancho  de  Junipa. 

45  Rancho  del  Chino 
46 


53.  SantEiCiitiiina  Island 

54.  Santa  fla  a' 

55.  Silver  Creek 

56.  Sonom'i 

57.  Stockton" 


60.  Vacav  lie 

61.  Visalia 

62.  Watsonville 

63.  Verba  Buena  Isia  id 


123  15 
S  55 


■5 

■^ 

^ 

s 

0 

a 

55.86 

58°.84 

-9°, 31 

8°.36 

6°,44 

S:g 

58.39 

72,61 

55-97 

64.52 

53.42 

52.30 
50.90 

76.63 

75-61 

68.35 

58.75 

48.49 

59-79 
94-25 

92.42 

g:B 

ini 

50.41 
64.08 

50.65 

71.28 

69,60 

66.35 

64.45 

63.08 

80,95 
66:97 

79-37 
74.84 
64-7' 

59-08 

63,90 
50.15 

55.38 
54.07 
40-57 

60.05 

60.47 

59-95 

57-94 

54.01 

ini 

76.93 
70-90 

64-58 
68.18 

i:S 

6o'.89 

57,62 

59-12 
57-87 

60,76 
59-13 

$:\ 

56.36 
54.70 

76.22 
72.54 
72.79 

72.63 
70.74 

74.07 
70.06 
68.S3 

66.90 
68. 58 
62.85 

56.52 
60.39 
53-49 

68.27 
70.32 

67.0a 
72,02 

69.38 

62.26 
65.16 

54-97 
59-04 

57.98 

5S.24 

59.73 

58.82 

54.89 

70.64 
66.63 

82.9 
73.7' 
70.33 

78.  t 
73.50 
67.00 

67- r 
65.53 

56,6 
58.50 

7 1 -99 

70.34 

63.29 
62.00 

67.93 

6r,67 
5'. 55 

62.66 

58^63 

68.50 
81.29 

79.31 

68,25 
73.53 

63.65 

52.77 

74-73 
S4.85 
66.39 
61.80 

US 

65.52 
60.79 

73.80 
70.73 

6i'.i7 

68.58 

6!,0O 

50.30 
56.08 

57.49 

56.72 

39-20 
60.87 


53-25 
45-46 
33-72 


49.7 


33-95 
49.16 
49.19 


COLORADO. 


37  32 


'OS  40 


'8.46 


23.37      33.63 


2.75 


66.61 


55.6' 


43-97 


■0.0s 


f ^___ _^ 

1  Observations  of  one  series,  two  years  and  four  inontlis,  at  7„  2^  9^,  were  referred  to  6„  N.  6,  and  combined  with  the  otlier  series, 

0  months  at  7^  2^  9^,  referred  to  Or  9m  3,.  %■        '  Observations  previous  to  1855  at  0^  9^  3^  9^,  referred  to  7„  2  9  . 
ine  and  evening ;  assumed  to  be  at  0^  and  ©,,  and  referred  to  7„  2„  g^  ^j,. 
),  Q_  1.  1.,  referred  to  7_.  2_  o.  „  . 


'  Observations  for  one  year  ana  i- 

»  Observations  for  four  months  in  .^^ g  auu  cvcN.g  -,  i,=iumeu  to  oe  at  1^^  a 

'  Observations  for  four  years  and  one  month  at  Qr  9a  3o  %>  i*eferred  to  7  2  9 
*  Observations  prior  to  1855  at  0^  9^  3o  9,  '  ''  ■-'>'■>-'■'■*:'■-  —"•^  .,--.-1;=^  — 1.;.... 
in  is  not  affected  by  this  change  of  houri. 


,s  appi 


'  '"  /m  .'i  Vn  liU. 

ied,  making  use  of  the  Key  West  Table,  to  refer  lliem  to  7„,  2^  9.^,     The  anj 
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CALIFORNIA.— Continued. 


1 

I 

< 

1 

56''-o5 

55°-43 

59".^' 

8°,04 

5i''.54 

60.20 

80.37 

57-7° 

63. H 
53.43 

45.73 
48.04 

62.34 
52.84 

55-03 

74-57 

58.53 

44.00 

58.03 

Si'73 
73-40 

60.11 
92.07 

55.08 
75.66 

64.63 

45-56 
57-96 

58. '2  7 
50.70 

53.'2 
74.77 

'it 

47-05 

TJ-9° 
75.06 
64.09 

63.65 
49-93 

47.29 
33-80 

61.55 
48.72 

54.58 

59.73 

57.30 

50.18 

55-45 

52-S5 
61.51 

2;:S 

64.74 

41-37 
54.63 

62.49 

56.69 
54.08 

57-47 

5S-71 
57.28 

5252 
50.32 

54-79 

61.63 
60.36 
59-«7 

74.19 
71-31 
71.19 

61.7= 

53- '9 
55.29 
47.92 

63-71 
63.32 
60.00 

5''7-4- 
6014 

66.96 
69.67 

64.53 

49-23 

54.09 

62.11 

5496 

5S.04 

57-81 

50.09 

55-23 

61  q2 

68.17 

67.27 
65. 84 

59-43 
50. 68 

5^.13 
51.12 

49.25 

=19  71 

70.41 

63.07 

ss 

60.3s 

535b 

78.43 

63.32 

46.51 

61.71 

5940 
5827 
5569 

73.04 
80. 7S 
64-77 
60.32 

67.79 
60.34 

59-89 

50.40 
45-38 
52.38 

5r-53 

61.47 
56.86 

1S50;    Mar, 
1S64 
1864 


;    Jau.    1863 
;    Apr.  1870 


.s^Lslant  Surgeon,  F. 
P.  Thompson,  "W. 
Kiiapp,  H.E.  Uhr- 


M.  E.  Pulsifer. 


W.  C.  Eclchcr. 

J.   II.   Whitlock   aiKl 

M.  D.  Smith. 
Assistant  Surgeon,  and 

Dr.  C.  A.  Caiifield. 

E.  Cutting. 
Assistant  Surgeon. 
J,  W.  A.  Wright. 
Assistant  Surgeon. 


Issist,   Surgeon,  Drs. 

F.   W.    Hatch    and 

T.  M.  Logan. 
>r.  C.  A.  Canfield. 


Cassidy,     and 
Kii.pp. 
)rs.  H.  Gibbons  and 
W.  O.  Ayi-es. 


Assistant  Sui^eon. 
Dr.  W.  W.  Hays. 
Assistant  Surgeon. 
Prof.  O.  S  Frambes. 
M.  D.  Smith. 

Dr.R,K.Rdd,w'.M. 

Trivetl,  Ass  is.  Suj^. 
Di-,  Thornton. 
J.  Slaven,  W.  L,  and 

E.  S.  Dunltum, 
Prof.  J.  C.  Simmons. 
J.  W.  Blake. 
Dr.  A.  J.  Compton, 
Assistant  Sui^eon. 


Ar.  Mel.  Regs.  1855  and  i860. 
Dove,  S,  Coll. ;   and  Ar.  Met. 

Reg.  1855- 
Ar.  Met.  Reg.  i860,  and  MS. 

from  S,  G,  O. 

Ar.  Met.  Regs.  1855  and  li 

and  MS.  from  S.  G,  O. 
S.  O. 

Ar.  Met.  Reg.  1S55. 
S.  O. 


Ar.  Met.  Reg.  1855,  MS.  from 
S.  G.  O.,  P.  O.  !Uid  S.  I. 
Vol.  I,  S.  O. 

S.  O. 

MS,  from  S.  G.  O. 

S.  0. 

MS.  ftom  S.  G.  O, 

Ar.  Met.  Regs.  1855  and  i860, 
MS.  from  S.  G.  O.  and  S.O. 

Ar.  Met.  Reg.  1S55. 

Ar.  Met.  Reg.  1855,  MS.  from' 
S.  G.  O.,  Am.  Alm.,F  " 
and  S.  I.  Vol.  1.,  and  S.  O. 

S.  O. 

Ar.  Met.  Regs.  1855  and  i. 
MS.  from  S,  G.  0.,  and  U. 
S.  Coast  Survey. 

P.  O.  and  S.  I.  Vol.  I.  and  S.  O. 

Pat.  Off.  Rep. 

Ar,  Met.  Reg.  1855, 

S,  O. 

MS,  from  S.  G,  O, 

P,  O.  andS,  1.  Vol.  I,andS.O. 

S.  O, 

Ar.  Met.  Reg.  1855. 

P.  O,  and  S,  I.  Vol,  1,  S.  O., 

and  MS.  from  S.  G.  O. 
S.  O. 
P.  O,  andS,  I,  Vol.  l,andS.O. 

S.  0. 


69- '7      49-75 
64-39  ,  43-49 


COLORADO. 


.Sept.    1852;   Dee.  i! 


Dr,  W,  T,  Ellis, 

D.  C.  Collier,  W.  N. 

Byers,  F.J.Stanton, 

S.  T.  Sopris. 
Assistant  Surgeon. 


Ar,  Met.  Regs,  1S55 


'  Obseivnig  hours  irregular ;  corrected  for  daily  variation. 

8  Oils eivmg hours  irregular;  corrected  for  daily  variation,  making  use  of  the  Key  West  Table, 

"  State  Insane  Asylum,  except  for  three  months  of  1S63  when  the  observations  -were  taken  at  Camp  Stamford  Stocktt 

1'  Observations  for  April  and  May,  1861,  were  made  at  Mountain  City,  a  few  miles  to  the  southeast. 

12  Observations  from  September,  1852,  to  July,  1S5S,  were  made  at  old  Fort  Ma'^sachusetts,  a  few  miles  east  of  Fort  C 


ersity  of  the  Pacific. 
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Name  of  Station. 
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. 
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3 

M 
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& 

V- 

< 

% 

•^ 

■^ 

in 

0 

a 

a 

4.  Fort  Lyon'    ,     ,     , 

102° 50' 

4.000 

26^.01 

33°- 65 

39° -68 

49° -72 

64° -74 

4°.  80 

9°.  65 

6=,i3 

54°-33 

9°. 08 

9°. 08 

27°-37 

5.   Fort  Morgan       .      . 

40  15 

0346 

500 

19.78 

33-67 

30-52 

47.20 

58.35 

71,00 

78.99 

79.85 

70.65 

57.41 

29.31 

6.   Fort  Reynolds    .      . 

38  15 

104  12 

32.26 

36-23 

41-67 

51.73 

63.13 

72,50 

78.79 

73.94 

64-38 

50.9S 

39.78 

27,06 

■J.  Fort  Sedgwick  .     . 

40  58 

3600I 

26,23 

31.60 

34-65 

46,25 

59-49 

72.21 

60,62 

49.62 

40,20 

28.5' 

3.   Golden  City        .      . 

^9  44 

105  18 

240 

49-77 

61.00 

67-57 

73-33 

74-73 

65,80 

9.    Montgomefj'       .      . 

39  00 

106  00 

■■ 

17.86 

24.45 

19.78 

=9-75 

41.28 

19.58 

CONNECTICUT. 

I.   BrooUfield      .      .      . 

41  27 

73  24 

100 

33-10 

30-79 

31-85 

45-24 

57.23 

6S.32 

72,40 

70,46 

63.54 

50-85 

40.24 

30-82 

2,  Canton     .... 

41   52 

73  55 

750 

27.S7 

25,11 

29-63 

40,57 

54-15 

58.93 

68,79 

64.03 

59.67 

50,24 

39,10 

29-51 

3.  Colebrook     .     .     . 

73  03 

28.76 

43  12 

53.84 

64-55 

69.38 

67.13 

59.40 

47.30 

36,61 

24.67 

4.   Columbia       .      .      . 

41  41 

72   18 

33-94 

45-76 

56.52 

65,87 

70.62 

68.  S7 

61.73 

51.13 

40.65 

29.25 

5,  Farmington,  near*  . 
I.   FortTruml>nll   .      . 

41  42 

72  50 

42,09 

49,07 

56-33 

62.58 

69,10 

77.52 

81-37 

78.2s 

71,17 

63.44 

50.17 

42.48 

41  21 

72  05 

'23 

30.48 

31.68 

37-42 

47.78 

57-71 

67,40 

72,61 

71.58 

64.69 

54.07 

43-S8 

33.27 

7    Georgetown       . 

41   15 

73  25 

300 

16.28 

27.41 

46.03 

50.63 

64.79 

71-45 

66,30 

61.53 

50.02 

40.10 

27.86 

i  Goshen>   .     .'     .     . 

41  48 

72  07 

561 

26.55 

34.00 

56.11 

65.26 

70-53 

69.06 

60.89 

49-95 

39-89 

29,05 

9.  Hartford  .... 

41  46 

72  41 

60 

29.  u 

29.32 

37-71 

48.30 

57-66 

66.87 

72,14 

70.25 

63.58 

51-39 

41.12 

31-25 

10.  Knight  Hospital     . 

11,  Litchfield      .     .     . 

41   18 

72  55 

32.0S 

60,35 

65,76 

75. 6S 

75.77 

65.52 
58-48 

56,80 

49,24 

3595 
25.08 

41  45 

73  12 

sio 

2402 

26.19 

32,92 

38,88 

51.45 

62.58 

68.06 

64.39 

49.44 

35.52 

la.  Lynde  Point  Lt.  Ho. 

41   16 

73    20 

26.96 

28,82 

33-43 

44.09 

54.33 

63.31 

71.10 

69-56 

63.14 

53.59 

42.71 

30.73 

13.  Middletown  ,     .     . 

41  33 

72  29 

175 

26.23 

28,93 

33.S6 

45-66 

56,24 

66.34 

70,96 

68.97 

61.43 

50.80 

38.95 

28.67 

14.  New  Haven       .     . 

41   18 

7.57 

45 

26,46 

2S.08 

36-03 

46.96 

57-28 

66.96 

71-69 

70,24 

62.49 

51.06 

40,28 

30-42 

15.  New  London     .     . 

41  21 

72     07 

90 

28.42 

29.75 

36-32 

45-47 

56.28 

66.28 

71,79 

69,17 

63,27 

52.87 

42.68 

32.34 

16.  North  Colebrook    . 

42  01 

73  06 

52.48 

63.35 

66,96 

17.  North  Greenwich   . 

41  04 

73  40 

18.  Norwich  .... 

41  32 

72  04 

50 

24,6^ 

28,21 

30-65 

45. '5 

55.51 

67.47 

73.87 

69,92 

64.43 

51.25 

41.32 

30.68   ; 

19.  Plymouth      .     .     . 

4'  40 

73  04 

a6.io 

26.29 

27,98 

41,70 

56.42 

62.18 

68.83 

6?.So 

57-85 

48.74 

38.97 

25.97 

JO.   Pomfrel    .... 

41   51 

71  56 

5S7 

22.89 

28,07 

30.99 

43.30 

53.77 

63.17 

68.12 

65-82 

58,88 

48.46 

42-36 

26,28 

21.  Salisbury       .     .     . 

41  59 

73  25 

737 

24-65 

25.28 

34-65 

44-44 

56.32 

65-87 

70.44 

68,06 

60.09 

50.18 

39.23 

27.54 

22.  Sharon     .... 

41  52 

73  28 

24.90 

26.15 

34-42 

45.64 

57-65 

65,96 

70.11 

68.00 

61,14 

49.96 

39-29 

28,73 

23.  Southiiigton  ,     .     . 

4'  35 

72  54 

49.48 

59,11 

70.93 

73.82 

71.94 

63.83 

52,90 

41,04 

30.11 

41  27 

72  50 

'33 

24,42 

27-85 

34-79 

44,73 

54-99 

65.77 

69-76 

67.36 

60,49 

50.82 

39,28 

28.40 

25.  Warren  Centre  .     . 

41  44 

73  20 

21,70 

20,66 

35-31 

52.41 

64.31 

67.67 

67.34 

58,41 

48,32 

45-46 

27,23 

25.  Waterbury    .     .     . 

41  33 

73  02 

363 

24,52 

27-55 

33-62 

44.93 

54.26 

64-78 

70,92 

69,05 

60,32 

45.22 

38,01 

24.65 

27.  West  Cornwall  .     . 

4'  53 

73  22 

24.00 

22.41 

38-23 

41-10 

56,70 

64.83 

71,17 

67-17 

59.70 

51,01 

38.35 

28.  Windsor  .... 

41  55 

72  39 

31-00 

66,34 

70,00 

DAKOTA.                                                                                                        I 

I.   Fort  Abercrombie  . 

46  2? 

9621 

4-53 

8-44 

17.41 

39.37 

59,20 

69.73 

73-33 

69-75 

58.8S 

44-39 

28,17 

10.88 

2.  Fort  Bufoid  .     .     , 

4S01 

10358 

1900 

S.07 

13-28 

iS-r5 

45-61 

57.47 

67.84 

72.77 

67.94 

55-93 

42.25 

29.39 

13.93 

3.   Fort  Dakota       .      . 

43  30 

96  45 

17-25 

17.65 

22,65 

41.55 

58.55 

53.90 

44-13 

28,32 

'5.45 

4.  Fort  Pierre   ,     .     . 

44  23 

1456 

7-33 

23.20 

33-21 

47.60 

61.08 

71.52 

78.28 

70.5' 

62,56 

52-52 

30,96 

11-35 

5.  Fort  Randall     .     . 

43  01 

9S  37 

1245 

1S.70 

22.80 

23-45 

45.26 

61.12 

71.61 

78.06 

74-17 

63.48 

49.31 

34.39 

21.29 

6.   Fort  Ransom      .      . 

4635 

97  47 

6.9S 

10,20 

16.42 

43-73 

59.07 

65.62 

70.34 

65.27 

57.41 

39.16 

28.03 

13.96 

7.  Fort  Rice      .     .     . 

4632 

10a  33 

13-23 

26.12 

45-37 

68. 15 

74.76 

67.14 

54.28 

40-45 

29,11 

17.64 

8.  Fort  Stevenson'      . 

47  36 

5- =3 

11,79 

22.51 

44.96 

f&^A 

69.33 

77.41 

69,76 

57.18 

44-23 

3' .87 

13.02 

9.  Fort  Sully     .     .     . 

44  50 

100  35 

16.65 

20,57 

23-25 

44.98 

69.3. 

76.82 

72.09 

60.62 

45-85 

35.42 

24.54 

10.  Fort  Totten  .     .     . 

47  5^ 

99  r6 

— as2 

7-41 

13-47 

46-19 

59,22 

67,52 

69-59 

65.82 

58.67 

38-33 

27-57 

12.48 

II.   FortWadsworth      . 

45  43 

97  10 

5.21 

9-43 

10.96 

55.33 

65.17 

70,39 

67.27 

58.99 

43.45 

30.40 

12.91 

12.  Yankton         Indian 
Agencyl      .      .      . 

42  53 

98  24 

1900 

1   17.66 

1 

27.30 

37,68 

50.89 

61,86 

71.29 

74-30 

74.43 

58.58 

51.24 

32.98 

20,43 

1  Observations  from 

anuary,  l86r,  to  May,  1862,  were  made  a 

Fort  Wise  or  old  Fort  Lyon,  some  miles  to  the  southeast  of  the  present  fort. 

■  The  observations  w 

ere  made  six  miles  S.  of  Farmington. 

»  The  observations  a 

e  stated  to  have  been  made  in  Windham  C 

0,  as  indicated  by  the  given  position  and  height,  but  perhaps  a  mistake  of  1°  in  Long. 

has  been  made. 

*  Tlie  observations  v 

ore  made  at  varial)le  ho.irs  tlie  me.^n,  being  corrected  for  daily  variation. 
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-Continued . 

1 

1 

1 

5 
.E 

i 

SeKIes. 

EXTE 

M-'  Obseeving  I 

Oeserver. 

References. 

<g- 

3 

< 

g 

Begins.           Ends.         yrs.m 

OS. 

■ 

4 

s 

45-32 

6°.86 
7S.61 

o°.83 

g^.oi 
27.59 

52».03 

Jan.      1861 ;    Dec.  1S70 
Dec.    1866;   Apr.  1S68 

5 

5 
3 

7^3.9. 

Assistant  Surgeon. 

MS.  from  S.  G.  0. 

5 

52. '3 

75.08 

51-71 

31.8S 

53.70 

May,   1868;   Dec-  1870 

8 

7 

46.  So 

73-97 

50.15 

28.78 

49.92 

Apr,     1867;    Dec,  1870 

3 

6 

8 

7 1. 88 

May,    l86oi   Apr.  1867 

6 

M,    L.    Blunt,  J.   Mc- 
Donald, E.L.Berthoud 

S.  0. 

9 

30.37 

20.63 

1 

Dec.    1863;    May,  1S64       0 

6 

7.3.9...      J.  Lmireli. 
1 

CONNECTICUT. 

, 

44  77 

70-39 

51-54 

31-57 

49-57 

Oct.     1868;   Dec.  1870 

2 

7..,,..,. 

S.  W.  Roe. 

S.  0. 

4145 

63-93 

49.67 

27.50 

45-63 

Dec.    1S61 

Inly,  1S63 
Nov.  i8;o 

7 

J.  Case. 

4    9 

67,02 

47-77 

22.96 

44-91 

Sept.    i860. 

9 

C.  Rockwell. 

45  4 

68.45 

51.17 

28,00 

48-26 

Dec.     1856 

Dec.  1870 

13 

W.  H.  Yeomans. 

P.O.andS.  I.Vol.l,andS.O. 

t>2     7 

79-05 

61.59 

61-96 

May,    1S38 

Apr,  1841 

3 

3, 

Smith. 

Pat.  Off.  Rep.  1851. 

4764 

70-53 

54.21 

51.05 

J--      1S33 

Dec.  1S70 

23 

8 

7n.  3^  9^ 

Rev.  E.  Dewhiirst  and 

Ar.  Met.  Regs.  1840, '51,  & '55, 

Assistant  Surgeon. 

MS.  fromS.  G.  0.,andS.O. 

4136 

67.51 

50.55 

Mar.     1856 

Tar,.   1S57 
Dec.  1850 

A.  B.  Hull. 

P.  0.  and  S.  I,  Vol.  I. 

45  34 

6S,28 

50.24 

27.24 

47-73 

Jan.      1829 

0,N. 

Clark. 

MS.  in  S.  Coll. 

47  S9 

69-75 

51.70 

29.89 

49.81 

Oct.     1806 

July,  1852 

16 

7 

9„3^ 

Rev,     A.     Flint    and 

Med.  and  Agr.  Reg.  Host.  Vol. 

Hoadley. 

1, 1806^7,  and  MS.  in  S.  Coll. 

72.40 

57-19 

May,    1863 

Jan.   1864 

9 

7„  3.  9. 

MS.  from  S.  G.  0. 

4    08 

65.0. 

47.81 

•35.10 

44-75 

Jan.      1850 

Dec.  1852 

3 

HendriiJk,' ' ' " ' 

Regent's  Rep. 

3  95 

67,99 

53.15 

28.84 

48.48 

Jan.      1854 

May,  1861 

6 

7di  3,  % 

J.  Rankin, 

P.  0.  and  S.  I.  Vol.  I,  and  S.  0. 

45    5 

68.76 

50-39 

27.94 

48.09 

1849 

Dec.  1S70 

14 

7,„3^9.w. 

Cutter   and    Prof.    J. 

S.  Coll.,  P.  0.  and  S.  I.  Vol- 1, 

Johnston. 

and  S.  0. 

4676 

69.53 

51.38 

28.32 

49.00 

July,    1778;   Oct.   1865 

86 

° 

* 

Vai-ious  observers. 

Trans.  Com  Acad.  Vol.  1,  Part 
I,  New  Haven,  1866. 

460 

69.08 

53-94 

30.17 

49.55 

Mar.    1849;   Nov.  1858 

9 

7m  2.  % 

Rev.  T.  Edwards. 

S.  Coll.,  &  P.O.  &  S.I.  Vol.  I. 

1849 
1870 

3 

Or  9„  3=  9» 

7m  \  %  bi. 

Cobb. 

W.  P.  AkoH. 

S.  Coll. 

s.  0. 

43  77 

70.42 

53.33 

27-85 

48.59 

Mar.     1856;   Feb.  1858 

7m  3,  % 

N.  ScholtieM. 

P.  0.  and  S.  I,  Vol.  I. 

9 

4    03 

66.27 

48.52 

26.13 

45.74 

June,    1862;    May,i8S4 

7„3.    9.;,i, 

D.  W.  Learned. 

S.  0. 

42  6j 

65,70 

49-90 

25-75 

46.01 

Mar.    (853;    Apr.  1S69 

16 

° 

Rev,  D.  Hunt. 

S.  Coll.,P.  0.  andS.  I.  Vol.  I, 
and  S.  0. 

45  '4 

68.12 

49.83 

25,82 

47-33 

Jan.      1844;    Dec.  1S54 

V'^'t 

Dr.  0.  Plumb. 

S.  C0II..&P.  0.  &S.  I,  Vol.  I. 

4590 

68.03 

50.13 

26.59 

47.66 

Jan.      1816;    Dec.  1836 

Gov.  Smith. 

MS.  fn  S.  Coll. 

23 

72.23 

52-59 

1870 

9 

7r^\9^m 

L.  Andrews. 

S.  0. 

4 

4483 

67.63 

50.20 

26. 89 

47-39 

Apr.     1S56;    July,  1862 

6 

7„  3.  9^ 

B.  F.  Harrison. 

P.  0.  and  S,  I.  Vol.  I,  and  S.  0. 

25 

4298 

66.44 

50-73 

33.20 

45-84 

■849 

Hendrick. 

Regent's  Rep, 

26 

44    7 

68.25 

47-85 

35.57 

46.49 

Jan,      1867:    Aug.  1860 

4 

Rev.  R.  G.  Williams. 

S.  0. 

27 

45  34 

67.7!! 

49.69 

22.77 

46.38 

1854 

7^  3.  9, 

Z.  L.  Gold. 

P.  0.  and  S,  I.  Vol.  i. 

28 

1S50;            1852 

° 

3 

Or  9,„  3.  % 

Phelps. 

S.  Coll. 

DAKOTA. 

, 

3866 

70.94 

43-81 

7-95 

40.34 

Feb.      1859;    Dee.  1870 

10 

1 

7m  \  9. 

Assistant  Surgeon. 

Ar.  Met.  Reg.  i860,  and  MS. 

from  S.  G.  0. 
MS.  from  S.  G.  0. 

404 

69.52 

42.52 

11.76 

41.05 

Sept.    1866;    Dec.  1870 

4 

2 

3 

4092 

16.78 

Sept.    1866;    May,  1869 

4 

4730 

73-44 

48^68 

,3.96 

45-84 

Jan.     1854;    May,iS57 

3 

5 

F.  Bcbman,  Assistant 

P.  0.  and  S.  I.  Vol.  1,  Ar.  Met, 

Reg.  i860. 
Ar.  Met.  Reg.  1S60,  and  MS. 

5 

43    8 

74.61 

49.06 

30-93 

46.97 

Nov.    1S56;    Dec.  1S70 

12 

8 

Assistant  Surgeon. 

from  S.  G.  0. 

6 

39  74 

67.08 

41-53 

10,38 

39.68 

;    Dec.  1S70 

7 

4    54 

70.02 

41. 2S 

15.72 

42.64 

July,    1868 

;    Dec.  1S70 

3 

S 

4    85 

72.17 

44-43 

Sept.    1866 

i    Dec.  1S70 

9 

4-79 

72.71 

47.30 

20.59 

45^85 

Jan.      1866 

,    Dec.  1870 

106-1 

67.64 
67,61 

41.53 
44.38 

6.46 
9.18 

38.81 
39- '4 

Aug.    1869 
Sept.   1866 

;    Dec.  1S70 
;    Dec.  1870 

3 

5 
3 

4 

73-34 

47.60 

21-80 

4S.22 

Nov.    1859 

;    Dec.  1862 

7ra  2,  %  u. 

F.     Kurvell,     11.     G, 

P.  0.  and  S-  I.  Vol.  1,  and  S.  O. 

Williams,     G.      M. 
Lamson. 

5  T  e  e  were  from  three  to  aevc 
T  e  mome  er  tested, 

8         e  vations  prior  to  August,  1 

iteeii  observations  d.iily,  belwccn  6„  an 

10^;    corrected  for  daily  variation  by  n- 

cans  of  the  New  Haven  Table. 

67,  at  Fort  Ecrthold,  a  few  miles  lo  the  s 

nthwest. 

\    0  called  "Griienwood."      0 

iservatioiis  in  1862,  at  Yankton,  lo  Ihe  eab 
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DELAWARE, 

Name  of  Station. 

^ 

1 

i 

k 

ji 

S 

i 

S 

1 

t 

1 

< 

t 

§ 

1      & 

I.   Dover       .... 

39°'°' 

75  "30' 

40 

..       76''.So    67''.48    58''.i9    46''.2S 

35''-6o 

2.  Fort  Delawai-ei .     . 

39  35 

75  34 

10 

32=.'26 

33°'8o 

40".'o8 

5 '^-'59 

63^'44   72^25  177^61  j 

75-84 

59.60 

57-32 

45-90  [ 

36.62 

3.  Georgetown  .      .      . 

3R43 

75  22 

4400 

33-65 

45.06 

56.15 

61.02 

77.36 

78,64 

76.78 

71,49 

60.13 

46.54 

43-90 

4.   Milford    .... 

3S55 

75  2S 

20 

40.87 

34.58 

42.74 

54-97 

62.17 

74. 68 

77-74 

75.62 

65.12 

51.81 

41.22 

38,20 

5.    Newark    .... 

3938 

75  47 

120 

28.61 

3^-95 

3&-74 

48.68 

59-53 

69.47 

74-71 

73-26 

64.63 

52-58 

44.14 

36-57 

39  44 

75  33 

7.   Wiljnington  .      .      . 

i9  44 

75  33 

i'5 

27.62 

32-'i6 

42.10 

51.89 

64,24 

71'.  9 1 

74-78 

74.00 

65,46 

51,40 

43.06 

35-36 

DISTRICT  OP  COLUMBIA.                                                                             1 

I,   Geoigetown  .      .      . 

38  55 

77  04 

33-85 

3.-., 

45.63 

53-36 

64-85 

72,65 

76.33 

,.=.3. 

69.13 

59-40 

46.97  1 

37.18 

J8  53 

77  02 

30 

27.27 

40.29 

42.84 

53-^5 

62.97 

72-36 

75-01 

75,01 

68.63 

53-69 

42.41  ■ 

33.98 

3.  Washington  .     .     . 

3854 

77  02 

30 

41.4 

36.5 

45-7 

60.2 

71.4 

75.2 

79.9 

79-7 

70-3 

565 

43-3 

39.5 

4.  Washington  .     .     . 

3854 

77  02 

75 

34-09 

36.82 

4536 

55-70 

65.26 

74-44 

78.25 

76.28 

67.76 

56.70 

44-83 

37.41 

5.   Washington  .      .      . 

38  55 

77  02 

no 

35-3 

37- 

45-5 

54-0 

61.7 

76. 

74-8 

76-5 

68.0 

53-5 

47-5 

41.7 

3853 

77  0' 

80 

27.21 

37-71 

44-45 

56.51 

64,76 

69-59 

77.88 

75-53 

66.11 

5S-6i 

40-83 

31-57 

7.  Washington  .     .     . 

3853 

77  01 

80 

35.10 

35,41 

46.08 

52-3' 

60.45 

73-32 

75.40 

72.02 

68.07 

48.80 

43.73 

35.70 

38  54 

77  03 

36,0 

36-4 

44,8 

S8.0 

75-9 

7S.3 

77.0 

70.1 

57-6 

47-9 

40.1 

9.  Washington  .     .      . 

3S  53 

77  oa 

40 

31.96 

35-65 

43-27 

52-63 

i'^V 

74.06 

78.50 
75-89 

74.60 

67-93 

55-45 

51,01 

35.77 

10.  Washington  .     .     . 

38  54 

77  03 

32-43 

34.40 

40.49 

51-75 

61.81 

70-93 

74- 28 

54-67 

44-35 

34.23 

38  54 

77  03 

no 

37-J9 

34-65 

41-79 

51.8S 

61.79 

72.67 

78.28 

76,23 

68,78 

54-75 

44.21 

34-87 

FLORIDA. 

I     BcUir 

30  2j 

S4  ,7 

70 

S2  2- 

59,18 

6i,oS 

66.22 

75-73 

79- 8S 

82.08 

81,29 

77.70 

69-43 

58.83 

58.48 

2    Cedai  K^i-f 

29  07 

S3  03 

15 

5633 

5S-47 

64-37 

68.68 

75.88 

79-84 

S2.03 

81.27 

79.40 

71,96 

63.73 

58.82 

3    Chattahoochie  Ars 

W  42 

84  SO 

180 

71.68 

79,40 

83,10 

79.68 

4  Fairview  (near  Pa 

latLa) 

5  Feinanduii 

-9  35 

81  37 

152 

5837 

56.96 

61.97 

67.76 

73-Si 

78,88 

81,99 

80.91 

76,65 

70.89 

6i',76 

55.57 

30  40 

8t  28 

25 

5096 

57.60 

61.27 

65-58 

71-73 

77.60 

79.87 

85-89 

76.96 

71.56 

65-47 

53.89 

6    Fori  Barianci--^ 

30  21 

S7  i& 

20 

52  7« 

55-27 

61.26 

68.47 

75-5J 

80.59 

82.20 

78.41 

69-55 

50.79 

55-13 

7    Fort  Broolte 

"7  57 

S.  26 

20 

6009 

63.00 

66.87 

71,88 

76.64 

79-58 

80.96 

80.63 

79.42 

73.86 

67.29 

61.99 

8    Fort  Dallas' 

25  4b 

bo  13 

20 

66  10 

65.16 

70.30 

74-97 

74.40 

80,99 

82.17 

82.48 

80.59 

77-91 

73.45 

69-37 

9    Fort  Deynand 

36  4.; 

Si  30 

6004 

64.41 

67.79 

71.98 

76.96 

79-53 

79.76 

80.51 

80.14 

71-95 

71-52 

64-75 

10    Fort  Fanning 

29  35 

82  56 

50 

5853 

57.97 

67.04 

70.72 

76.26 

79.32 

82,05 

82.40 

80.55 

72.16 

60.5s 

54-93 

II    Fort  Gamble 

30  20 

8400 

SO 

55  54 

60.71 

69.06 

71.27 

75-42 

So.  04 

79-79 

79.74 

79.05 

68.25 

50,04 

55.82 

12    FortHamei 

27   lO 

8a  30 

77.55 

80.34 

80.95 

83.64 

82.24 

13    FortHetloman 

2948 

S205 

25 

563' 

56-45 

63-33 

7o.*68 

75-65 

81,88 

79-71 

77.07 

71-57 

59.57 

51-94 

14    Fort  Henderson 

30  51 

S2  09 

55  H 

58,27 

64.46 

70.52 

76.26 

82.03 

80,16 

79.76 

77-54 

69.85 

59.94 

51.20 

15    Foit  Jefferson 

24  3S 

8'  52 

7006 

70.67 

73.22 

74-43 

79-59 

83-31 

S4.79 

84.62 

83.86 

80.12 

74,84 

71.71 

16    Fort  King 

50 

5841 

58.13 

64.38 

71.41 

76-59 

79,90 

80.80 

80.59 

78.21 

70-56 

63.  iS 

5S.55 

17    Foit    Manun'    (St 

^9  54 

Ml   19 

25 

5679 

59-85 

63-25 

68,75 

74-06 

79-32 

80.91 

So.85 

79.04 

72.57 

58,12 

Augustine) 

18    Fort  Meade 

37  45 

^147 

%c 

5840 

63.23 

69.02 

69. 89 

76.69 

78.24 

79,76 

S0.03 

79- iS 

73.81 

68.48 

60.15 

19    Fort  Mii-anopy 

29  35 

<i2     11 

78 

60.29 

67-43 

72.05 

76.92 

79.38 

80.22 

79.42 

77-95 

70.52 

60.95 

55-94 

20    FortMver^ 

25  40 

Si  5ft 

Sc 

6286 

66.08 

69-85 

73.26 

79.20 

80,96 

82.38 

82.S9 

81.24 

76.43 

72.53 

65.75 

21     Fort  Pieice 

27  28 

So  18 

3c 

6245 

64.80 

73- '3 

7736 

79.80 

82,61 

83.02 

8 1.43 

75-07 

69.57 

65,72 

22    FoitR«s';ell» 

29  15 

82  15 

5<: 

61  40 

56.30 

69.70 

71-64 

76-10 

79-30 

84-44 

83.76 

78.48 

68.79 

61.23 

57,56 

23    FortSli-mnon 

29  ■?4 

8.48 

2 

5800 

59.00 

64-69 

71,64 

76.43 

79-37 

Si. 65 

80. 3S 

79.09 

71.07 

61.89 

58.63 

1  Observations  in  lE 

54,  at  Or  ft.  3.  9.;  they  were  referred  to  ?„  3.  9„  by  mea 

ns  of  the  general  table.     The  observations  of  1866  and  1867  were 

combined  with  those  ma 

Je  at  Delaware  City. 

s  The  observations  h 

ave  been  corrected  tor  da.ily  variation.      The  series  is  muc 

broken  and  many  of  the  monthly  means  are  imperfect,  so  that  the 

results  afford  only  a  tole 

-able  approximation  to  the  truth.         '  Corrected  for  daily  va 

lation  by  means  of  the  general  table. 

«  The  observations  v 

ere  made  bi-hourly,  at  0.2"  A.  M.,  a.^t  A.  M..  and  so  on. 

E  The  oliservations  v 

ere  made  tri-hourly  at  Mid,,  3  A,  M..,  f,  A.  IW.,  and  30  on. 

6  Also  called  Atsana  Otie. 
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DELAWARE, 

i" 

i 
1 

1 

1 

^■ 

Series. 

Extent 

OB^EKVING 

On&ERVER. 

References. 

<& 

< 

s 

>^ 

Befiins.             Ends. 

yrs.mos. 

HOURS. 

J 

57°.32 

1870 

0     5 

7di2,  9sbl, 

J.  H.  Baleman. 

S.  0. 

2 

5i°.7o 

75  "-23 

57.61 

34''V23 

S4°-69 

Feb. 

1825;   Sept.  1870 

18  10 

7..  2,  9. 

Assistant  Surgeon,  J. 
M.  Vanhekle. 

Ar.  Met.  Regs.  1855  and  186O; 
MS.fvomS.G.O.,andS.O. 

3 

54.08 

77-59 

59.39 

40.52 

57.89 

July. 

1857;    Dec.  1858 

I     6 

Dr.  D.  W.  Mauld. 

P.  0.  and  S.  I.  Vol.  I. 

4 

53-29 

76.01 

53-05 

37.88 

55-06 

Dec. 

18571   Dec.  1870 

2    2 

7Di2»9>bi, 

A.  C.  Whittier,  W.  R. 
PhiUips,R. A.  Martin. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  O. 

S 

4S.32 

72-48 

53-7S 

32.71 

51.82 
51-30 

July, 

Aug. 

1847;    Feb.  1858 
1834;  July,  1S35 

4    3 

' 

E.  E.   Norton,  Craw- 
ford, and  others. 

P.O.&S.I.Vo!.l,andS.Coll. 
Am.  Almauae. 

? 

53-74 

73-5''. 

53-64 

31-71 

52.91 

Jan. 

1864;   Oct.   1865 

1   10 

Dr.  U.'  D.'  Hedges. 

s.  0. 

DISTRICT  OP  COLUMBIA.                                                                             j 

54.61 

75.10 

58.50 

35.77 

56.00 

Dec. 

1859;    Feb.  1863 

3     ' 

7m  2.^9.  „u 

Rev.  C.  B.  Mackee. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  O. 

53-02 

74-46 

54-91 

33-85 

54.06 

Jan. 

1820;   Dec.  1S21 

J.  Q.Adams,  J.  Meigs. 

Col.  Force's  Rec,  and  MS.  in 

59.10 

78.27 

56,70 

39-13 

58. 30 

Apr. 

1823;   Dec.  1824 

1     6 

7.9.N.4. 

Jules  de  Wallenstein. 

Trans.  Am.  Phil.  Soc.  Vol.  2, 

'825. 
Ar.  Met.  Reg.  1855. 

55-77 

76.33 

56.43 

36.11 

56.16 

Jati. 

1823;   Dec.  1834 

12     3 

7m  \  9^ 

Assist.  Surgeon,  Rev. 

R.  Little. 

54-1 

7S-S 

56.3 

38.0 

56.0 

Jan. 

1828;    Dec.  1S29 

From  T.  Elliot's  Hist.  Sketches 
of  the  10  miles  square. 

6 

55-24 

74.33 

54-18 

32.16 

53-98 

Jiily. 

1838;   Dec.  1840 

a    6 

3„9m3.9„ 

Lieut.   T.   M.   GilLiss, 
U.  S.  N. 

Pub.  Doc.  2d  Sess.  28th  Con. 
Vol.  X,  1845-^^         ^^      _^    . 

7 

52.95 

73.58 

53-53 

35-40 

53.87 

Jan. 

1841;   June,  1842 

S 

57.20 

77.07 

58.53 

37-50 

57-58 

J'.n. 

184-6;   Dec.  1849 

4    0 

9„  3,  9„ 

U.  S.  Naval  Obs'y- 

Am.  Aim.  1848  and  foil. 

9 

53.3S 

75-73 

58-13 

34.46 

55-42 

Aug. 

1S50;    Dec.  1859 

8  10 

7„  2   9. 

Smithsonian  Inst. 

S.  Coll.,  P.O.  and  S.  I.  Vol.  I. 

51.35 

73-70 

55-50 

33.69 

53.56 

Jan. 

1863;    Dec.  1870 

9    0 

"  g 

Prof.  J.  R.  Eastman. 

U.  S.  Naval  Obs'y. 

" 

5i.S^ 

75.73 

55-91 

35-57 

54.76 

Jan. 

1868;   Dec.  1870 

3    0 

"          "             " 

FLORIDA. 

J 

67,68 

81.08 

68,65 

56.64 

68.51 

Oct. 

1856;    May,  1861 

3   10 

7m  2j  % 

B.  F.  Whitner. 

P.  0.  and  S.  I.  Vol.  1,  and  S.  0. 

^ 

6y.64 

S1.05 

71,70 

57.87 

70.06 

Aug. 

1851;    July,  1867 

Judge  A.  Steele,  Assis- 
W.  C.  Andtas's. 

Ar.  Met,  Reg.  1855,  P.  0.  and 
S.   I.  Vol.   1,   S.   Coll.,  and 
S.  0. 

3 

80.73 

May, 

1869;   Aug.  1870 

7o,2„9aM. 

M.  Martin. 

s.  0. 

67.K5 

80.59 

69-77 

56.97 

68.79 

Feb. 

1S69;   Nov.  1870 

1     6 

G.  D.  Robinson,  and 

5 

56.19 

81.12 

71-33 

54-15 

6820 

July. 

1863;   July,  1867 

I     6 

7,u  2,  9. 

H.  M.  Corey. 

MS.  fromS.  G.  0.,andS.  0. 

68.^1 

81,60 

69.58 

54-37 

68.49 

Jan. 

1822;   Dec.  1S60 

20     2 

Assistant  Surgeon. 

Ar.  Mel.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 

7 

80.39 

73-53 

61.99 

71.92 

Jan. 

1825;   July,  1869 

27  11 

73.22 

Si.  88 

77-32 

67.21 

74. 9  J 

Feb. 

1S39;   Oct.  1870 

6  n 

Assist.  Surg.,  W.  H. 

Ar.  Met.  Regs.  1855  and  i860. 

9 

72.24 

79-93 

74.54 

63.07 

72.45 

Feb. 

1855;    Apr.  1858 

2    5 

Assistant  Surgeon. 

Ar.  Met.  Reg.  i860. 

71-34 

81.26 

71.09 

57-14 

70.21 

Oct. 

1840;    Jan.    1843 

2    4 

Ar.  Met.  Reg.  1855. 

^2 

71.92 

79.86 
81.65 

69.12 

57-36 

69.57 

Jan. 

1840;    Dec.  1842 
1850 

2     3 
0    5 

Or  9m  3„  % 

Ar.  Met.  Reg.  1850. 

13 

6^.89 

8o.6t 

69.40 

54.90 

6S.70 

Jan. 

1838;   May,l84l 

3    7 

7m  f.  % 

Ar.  Met.  Reg.  1855. 

14 

70.41 

80.65 

69.11 

55-04 

68.80 

Oct. 

1838;   Dec.  1839 

15 

75.75 

84.24 

79,61 

71.11 

77.68 

Feb. 

l85l;   Dec.  1870 

MS.  from  S.  G.  O. 

i6 

70.79 

80.43 

70.65 

58. 36 

70.06 

Oet. 

1832;   Feb.  1843 

6     1 

Assistant  Sui^eon. 

Ar.  Met.  Reg.  1855. 

17 

68.69 

80.36 

71.90 

58.25 

69.  So 

Oct. 

1824;   Oct.  1870 

25     4 

Assist.   Sui^.,  Dr.   P. 
B.  Mauran,  and  G. 
W.  Atwood. 

Ar.  Met.  Reg.  1855,  P.  O.  and 
S.  I.Vot.l,MS.froniS.G.O., 
and  S.  0. 

18 

71.S7 

79-34 

73-82 

60.59 

71.41 

May, 

1851 

Nov.  1854 

3     7 

Or  9m  3:.  % 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

19 

72.13 

79.67 

69.81 

58.86 

70.12 

July. 

1838 

Dec.  1842 

4    5 

7m  2„  9, 

74.10 

82.08 

64.90 

74-45 

.851 

June,  1858 
ilay,i858 

;    6 

Ar.  Met.  Regs.  1855  and  1S60. 

73.18 

75-36 

64.32 

73-67 

.840 

8    4 

72.4S 

82.50 

69.50 

58.42 

70.72 

J"iy, 

1838 

June,  1S42 

Ar.  Met.  Reg.  1855. 

23 

70.92 

80.47 

70. 68 

58.54 

70.15 

Jan. 

1838 

Jan.   1S50 

4    5 

" 

I  The  first  seven 

l-earsof 

this  serie 

s  were  obs 

erved  at  Cantonment  Clinch,  three  miles  from  Pensacola  and  fourteen  miles  from  Fort  Barrancas.                  \ 

e  Tlie  observation 

s  were  11 

nade  at 

"ort  Laud 

rdale 

rom  Jan.  to  Sept.  1839,  and  troin  July  to  Sept.  1840.     This  post  is  a  few  miles  N.  of  Fort  Dallas  1 

and  the  same  dislarc 

from  Ih 

e  sea. 

e  The  ol>servatio 

5  compo 

sing  this 

series  wer 

made  at  Fort  Marion  and  St.  Augustine  ;  principally  at  Fort  Marion.                                                            1 

10  The  observatio 

s  compo 

sing  this 

series  wer 

made 

at  Forts  Russell,  Harley,  and  Wlicelock,  the  same  position  being  given  for  all. 
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24.  Fort  Wacohootee 
35.  Fort  ^^  acassi 
a6.  Gainesville 
27.  Gordon 

25.  Hibernia 
Jacksoimlle 

30,  Key  "\^  tst 

.  Key  Vi  e  t 


ij.  Key  West 

33.  Knoic  H  lia 

34.  Lake  City* 

35.  Manatee 

36.  Micanopy 

37.  Mosquito   Inlet  (i; 

miles  N  "W    of) 

38.  Newpoit 

39.  New  Smyrna 

40.  Ocala 

41.  Orange  Grove 

42.  PeiisacoH 

43.  Picolata 

.  Port  Orange 


45. 


Seville 


45,   Wamigloi* 
47.  White  '>p    igs 


FLORIDA.— Continued. 


J 

1 

S 

57-59 

66;93 

61, 2J 
66.00 

57-^7 

62,76 

70.68 

73-79 

70-51 

72.70 

71,18 
5S'4o 

61.45 

76.09 
62.52 
62.51 
66.57 
67,22 

6i.'64 
62.73 

67-57 
63.18 

57.S7 
56.80 
59-07 

64-51 
64.30 
63-99 

57.10 

" 

58.55 
63.19 

77,62 

82.25 

66.31 

75-27 

70,80 

69.42 

75.99 

73"36 

72.86 

67.08  ■ 

76,49 

73.60 

73-46 

68.76 

74.83 

59.60 

69.36 

69.12 

75.74 

7S=.oo 
79'S6 
78.35 


I    C  lumbus 

CuUodeti 

Cuthbert 

Dal  on 
.    Facto  y  M  lis 

G  flin 
I    H  Usbor  ugh 

La  Grange 
I    Micon 
I    Macon  (Lewis  H  gh 

Scliool) 
)    Macon 
:    M  Uedgev  He 


83  "5 

S50 

8424 

1050 

8,5. 

150 

5 

350 

Hi  'io 

Si     n 

84  S 

^3  J 

84  59 

84  06 

S4  50 

77  S 

8446 

84  IS 

X-,   18 

Sh6 

8,01 

83  47 

00 

'!l  18 

1.9 

577 

53.63     61.43 
51.14    58.01 


68.40 

75-09 

76.33 

75-81 

71,60 

65.65 

71,71 

77-5° 

75,40 

68,86 

72.97 

79. '3 

81-30 

78,04 

74.56 

73.28 

79,12 

82.16 

79-85 

73-95 

70.83 

75-97 

79,64 

77,40 

71-93 

75.3 

jS.o 

82,0 

82,0 

80,0 

70-93 

72.82 

72.45 

65-86 

73-89 

77-73 
79.60 

79.63 
83.78 

76.97 
79,10 

72.27 

71.89 

77-65 

74-13 

ir,i 

78-09 

soVss 

8<J,io 

67,03 

72.39 

77,19 

74, '5 

'  Corrected  for  dsuly  v 
a  Also  called  Alligator 


It  the  Navy  Yatd  and  U.  S,  Naval  Hospital. 
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FIiORIDA. — Continued. 


^ 

1 

1 

■5 

>• 

24 

b90  63 
7052 
6745 
7095 

mil 

67''-33 
69-33 
68.72 
71.21 

57°.oi 
57-57 

56.83 

67'. 91 
69,07 
67.89 
69.93 

-9 

6927 

80.98 

70.04. 

55-62 

68.98 

30 

7676 

82.99 

79.  oS 

71.18 

77.50 

3" 

7585 

8335 

78-55 

70.44 

77.05 

33 

14 

16 

11  tl 
6892 

7088 

S4.54 
78.92 
80. 28 
82.96 
80.54 

68.30 
68.  So 
73.96 
69.74 

69.01 
53-oS 
57.42 
64-39 
59,00 

67.09 
68.85 
73.17 
70.04 

37 
38 
39 
40 
41 
42 
43 
44 

7186 
6774 

6989 

70  12 
69   19 

78.68 
79.30 

8.. 03 

83.06 
80.27 
80-59 

71.29 
66.52 

72.24 

60.69 

57-29 
58.62 
58.91 

71.70 
69-73 

70.16 
69.72 
70.23 

s 

62  50 
6935 

75-15 
82.63 

70.28 

50.70 
55.54 

62.S9 
69.45 

47 

■■ 

••  1 

June,  1851;  May,  1852 

July,  1S51;  Dec.  1855 

Mar.  1857;  Jan.  1869 

Jan.  1869;  Jn!y.  1870 

June,  1858;  Dec.  J859 


1S40;  Ocl.  1853 
1869;  Sept.  1870 

1S70 
1849;  Dec.  1852 
.  1840;  Sept.  1841 
1867;  Apr.  1870 


T.  E.  Bailey. 

H.  B.  Scott. 

F.  L.  Batchelder. 

Dr.  A.  S.  Baldwin. 

Whitehead. 

Assist.  Surg.,  Coll'tor 
of  Customs,  J.  and 
W.  A.  Whitehead, 
W.  C.  Dennis,  A. 
Gordon,  G.  T.  Fer- 
guson,   J.    G.   Olt- 

U.  S.  Coast  Survey. 
J.  Newton. 
E.  R.  Ives. 

B.  A.  Coachman. 
Dr.  J.  B.  Bean. 

S.  N.  Chamberlin. 

C.  Eucher. 
Assistant  Surgeon. 
E.  Earlier. 

W.  J.  Clark, 

Pearson. 

Assistant  Surgeon. 

Dr.  and  Mis.  J.  W. 
HawliS. 

L.  Gibbon. 

J,  Pearson,  W.  John- 
son and  others. 

R.  W.  Adams. 


Ar.  Met.  Reg.  1855. 

P.O.  and  S.I. Vol.1,  and  S.O. 

S.  O. 

P.  O.  andS.  I.  Vol.  r. 

MS.  in  S.  Coll.,  P.  O.  and  S. 

I.  Vol.  I,  and  S.  O. 
Manuscript. 

Ar.  Met.  Regs.  1855  snd  i860, 
MS.  from  S.  G.  O..  Am 
Aim.  1835,  and  foil., MS.  L 
S.  Coll.,  P.  O.  and  S.  1. 
Vol.  I,  and  S.  O. 


S.  Coll.,  P.  O.  &S.  I.Vol.  I 
P.  0.  and  S.  I.  Vol.  I,  and  S.  O. 
S.  O. 
P.  O.  and  S.  I.  Vol.  I. 


'  15 

75-74 

60.77 

46.06 

60.93 

5827 

74.87 

58.44 

41.85 

58.36 

642s 

79.49 

62.63 

46.82 

63-30 

6+35 

80.38 

63-83 

48.15 

64.18 

6    oa 

77.67 

62.82 

49.67 

63.04 

6710 

79.67 

68.77 

53- 20 

67.18 

72.07 

55-64 

43.60 

- 
6598 

80:83 

64.04 

49-09 

64.31 

63  35 

61-34 

48.35 

62  2S 

79.69 

47.24 

61.38 
66,06 

79-47 

63.S4 

47.12 

845;    Sept.  1859 
.S59;   Dec.  1870 


Jan. 

Jan.      1S39;    July, 


June,   1838;    May,  if 

1853 
June,    1847;    Apr.  If 


May,    1852;   June,lS54 


Nov.    1868;   Aug.  1869 


6  6 
5  2 

7  5 

1  7 
>  7 

2  3 

o  3 

°  3 

°  5 

o  6 


V. 

7m 

.9. 

7^^ 

9.bu 

7m 

2.9. 

'-' 

9„., 

7^2 

^9.u. 

k 

,9. 
^9. 

oy^'Q, 

%.. 

0,9 

3.9. 

McCoy,    Prof.    J.    D. 

Dr.  J.  G.  Westmore- 
land, Assist.  Surg.. 
F.  Decline    " 


.   M. 


.   H. 


Holbcoolt,  W. 
Doiigheity,         W. 
Haines,  S.  Elliott. 
Assistant  Sm-geon. 


N.  J.  Fogarty. 
Prof.  J.  Darby. 
C.  C.  Seavey. 
Dr.  J.  R,  McAfie. 
F.  T.  Simpson. 


E.  S.  Glover 


J.  A.  Rockwell. 
Misses  S.  G.  Whiting, 
and  S.  M.  Proctor. 
J.  F.  Adams. 
J.  R.  Cutting  &  Jacobs. 


Southern  Cultivator,  and  P.  O. 

and  S.  I.  Vol.  I. 
P.  0.  and  S.  I.  Vol.  I,  S.  O., 

and  MS.  from  S.  G.  O. 

Am.   Aim.,   P.   O.   and  S.  I. 


Ar.  Met.  Reg.  1855,  and  MS. 

from  S.  G.  O. 
S.  O. 

Am.  Aim. 

S.  Coll. 

Pat.  Off.   Rep.,  S.  0.,  and  P. 

O.  and  S.  I.  Vol.  i. 
S.  O. 

S.  ColI.,&  P.  O.  &  S.  I.  Vol.  I. 
S.  O. 

P.  O.  and  S.  I.  Vol.  1. 

S.  Coll. 

p.  O.  and  S,  I.  Vol,  I. 


n  S,  Coll.  and  S.  Coll. 


5  Corrected  for  daily  variation. 

«  Observations  of  1839  and  for  four  months  of  l! 


it  Summerville,  about  one  mile  south  of  Augusta. 
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Name  of  Statiok. 

t 

I 

1 

i, 

^ 

S 
S 

i 

1 

1 

i 

1 

0       1       a 

fi 

22.  Oglethorpe  B'ks      . 

32=05' 

Si»07' 

40 

52°.03 

54^-05 

5S'=.76 

66°.89 

75'.6o 

0^31 

2°.  67 

l°.43 

7°-49 

7°-26 

7''.85 

50^97    ] 

23.   Penfield    .... 

33  3S 

8309 

724 

47-59 

45-93 

50-74 

61.21 

69,02 

76.85 

So.  25 

78.58 

71.02 

62.22 

50.06 

42-47 

2^_   Perry 

33  28 

83  43 

280 

42.64 

53-50 

63.08 

64-35 

73-67 

78.99 

81.37 

78.57 
75-80 

74-57 

67-55 

53-26 

50.65 

25.   Pfjwelton       .      .      . 

33  25 

8z  50 

620 

74.55 

76.71 

79.72 

72.33 

52.17 

26.   Quitman  (ten  miles 

S.  W.  of )  .      .      . 
27.  Richmond  mU  .     . 

30  40 

8340 

..     1 

49-28 

33  z6 

81  S3 

275 

82,70 

28.  St.  Mary's     .     .     . 

30  44 

81  34 

IS 

72.38 

77-39 

80.55 

80.3S 

76.48 

69.56 

57-97      49-'2    li 

29.  Savannah      .     .     . 

32  05 

81  06 

42 

51.29 

54-3' 

59-73 

66.97 

74-47 

79-38 

Sr.67 

80.77 

75-90 

66.71 

57-S3 

52.09 

30.  Sparta      .... 

33   '5 

82  54 

550 

43.66 

48.89 

54.08 

61.50 

71-33 

76.08 

80. 13 

78,28 

73-49 

61.95 

52.90 

46.34 

31,  The  Rock'    .     .     . 

33  53 

8423 

833 

42.87 

47-95 

55-68 

63-59 

70-35 

77-34 

78.63 

74.80 

72.49 

61.50 

51.62 

44.09 

3a.  Thomson      .     ,     , 

33  29 

82  25 

49-78 

57-98 

63.65 

74.34 

54.23 

33.  Thornhill      .     .     . 

31  37 

Si  II 

79-4J 

79-57 

82.13 

76.06 

69.10 

32  00 

Si  00 

iS 

48.20 

53Vr6 

57-64 

64-59 

72.S6 

77-85 

80.12 

79.60 

75-09 

65-59 

57.56 

5'-?4 

35.  Zebiilon    .... 

33  o5 

8421 

., 

43.85 

S'-77 

56-09 

61.88 

71.75    79,86 

81.68 

7S.48 

72.06 

66.64      53-69 

1 

48.99 

IDAHO. 

I.  Camp  Connor    .     . 

11.38 

12.51 

20,03    1 

2.  Cantonment  Loring" 

43  04 

112  27 

24.31 

24.06 

25-23 

42.71 

63-39 

59,62 

47-97 

34-67 

22.50 

3.  Chelerata  Depot      . 

48  42 

u6  19 

1796 

71.6 

58.1 

49.1 

40.1 

4.  Fort  Bois*     .     .     . 

43  40    n6  00 

36.50 

32.89 

40.90 

52-56 

62'.  62 

70.68 

78.38 

76.05 

63-75 

52.84 

42-33 

30-05 

5.  Fort  Lapwai      .     . 

46  18    n6  54 

29.78 

36-09 

41.36 

53-70 

63.89 

70.26 

77.59 

72.86 

62.40 

51.27 

41.62 

33.46 

6.  Lapwais   .... 

46  18    116  54 

2000 

3183 

38.50 

42-75 

52.7s 

57.50 

68.87 

70.13 

72.  DO 

64.00 

*'i 

41.50 

40.40 

ILLINOIS. 

I.   Albion      .... 

38  24 

88  04 

40.81 

2.  Altol 

41  45 

89  00 

19-53 

24.05 

30-85 

45 

77 

56.57 

68.45 

73-17 

68.70 

59-90 

47-37 

35-85 

23-59 

3.  Alton 

3853 

90  14 

6^0 

34.05 

33.66 

41.13 

48 

62.30 

73 

?i 

76.53 
75-82 

75-69 

66.65 

51.10 

43.84 

28.32 

4    4ndalu^ii6 

41  25 

9045 

686 

2!  17 

25-83 

36.14 

47 

64 

S8.95 

69 

72.17 

63-57 

51-57 

3S.24 

26.00 

5    Athens 

39  57 

8945 

800 

3,16 

29.78 

39-25 

47 

29 

60.14 

70 

73.16 

71.36 

62.78 

51-42 

42.98 

26.24 

6    Athens' 

39  57 

i-)^^ 

800 

25  12 

29.24 

39.08 

52 

17 

63.00 

72 

77.68 

75-36 

68.56 

55-40 

40.49 

29.81 

7    Augusta! 

40  12 

90  58 

500 

2552 

29.08 

38. 28 

50 

94 

61.77 

70 

S6 

75-19 

72.75 

65.27 
58.S1 

52.49 

40.23 

28.42 

41  46 

(,8  17 

096 

21  26 

24.08 

34-90 

46,23 

57-14 

67.72 

73-29 

68.29 

49.55 

41-37 

23.19 

9    Blt-n  nB 

4'  52 

b8  16 

636 

21  17 

27.41 

36.83 

43-87 

58-25 

67-75 

73-58 

70.2s 

62.71 

48.23 

33-42 

24-25 

10.  Belleville      .     .     . 

U^, 

89  58 

600 

30.88 

3t-38 

45-03 

56-03 

70.72 

75-03 

79.81 

79.27 

70.83 

59-84 

46-43 

40.27 

II.   Belvidere       .      .      . 

'  42  t6 

8848 

810 

'9-54 

21.98 

31.57 

44-84 

58.16 

66.29 

73-09 

68.14 

6o,or 

44.S9 

34.03 

21.82 

12.   Brighton  .... 

1   39  "o 

90  13 

27.64 

31.72 

38.07 

45.47 

63.54 

74-55 

81.87 

76.99 

67.63 

56.76 

37-37 

32.49 

.3.   Brace*       .... 

41  09 

8S  50 

550 

59-25 

63-30 

43-56 

15-63 

14.  Carthage  .... 

40  23 

gi   17 

24-53 

3o.'o 

42.64 

46-65 

66.97 

70-25 

79.14 

75-56 

66. 1  i 

52.59 

39.07 

24.89 

IS.   Centralis.      .      .      . 

3831 

89  oS 

27-53 

37-40 

16.  Channahon   ,     ,     . 

41  26 

gS  12 

630 

36,50 

50.97 

70.70 

17.   Charleston     .      .      . 

39  30 

27-93 

29.45 

35-31 

53-31 

64.96 

71-39 

77.18 

67-35 

54- '3 

41.31 

26.28 

18.  Chicago'".     .     .     . 

41  54 

87  38 

600 

23.01 

24.96 

32.01 

45-31 

53-34 

61.59 

70-34 

68.34 

48.41 

36.36 

26.38 

19.   Clinton     .... 

40  09 

SS  57 

430 

20.72 

25-75 

35-41 

52-65 

19-95 

20,  Coloma  (near)   .     . 

3S  14 

89  ifi 

405 

29-15 

32-55 

37-57 

51.48 

59.67 

70.60 

75-72 

72.  (X) 

64.23 

51-24 

42.59 

30.98 

21.  Decatur    .... 

39  SI 

88  57 

6S5 

27-53 

28.38 

34-45 

52-85 

65.23 

72,05 

77-98 

71-75 

67.20 

49-65 

38-99 

28.26 

1  The  results  previou 

s  to  1S54  arc  defective  on  account  of  frequent  blank 

in  the  record.      In  1856  and  1859  the  obEervalioiis  were  made  at  Thomaston, 

about  three  miles  N.  E. 

of  The  Rock. 

1  Old  Fort  Hall. 

have  been  taken  at  or  in  the  vicinity  of  the  Fort. 

"  Also  called  Roche 

e.                                             5  OlKervalions  previous  tc 

1866  were  made  at  Eclgington,  about  one  mile  to  the  -west  of  Andalusia. 
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Series, 
Ee^ns.  Ends. 


60.32 
67.03 


63.; 
65-32 
S5-03 
63.24 


78.56 
79,64 


7S-1S 
76.91 


52''-35  ■ 
'  45'33 
;     48.93 


62.7S 
61.87 


46.30 
44-97 


66.08 
64,13 


61-33 
65,1s 


63.39 
61.74 


^5-33 
63-90 


Jan.     18.9; 

18501 

May,   1839; 

Dec.    1858 ; 

i8< 

Apr.     1S49 ; 

Jan.      1S56; 


Apr,  , 
Dec.  1859  ' 
May,  1859 
Apr.  1S61 

Mar,  1857 


7„\9.t,,, 
Gr  9„  3.  % 


Prof.    S.    P.    Sanford 

md  Willis. 
Cooper. 
Pendleton. 

J.  L.  Cutler, 
W.  Schley,  Jr. 
E.  Barker, 

A.G.  Pemlei-,Dr.J.F. 
Posey.aiid  Williams. 

Dr.  E.  M.  Pendleton. 

Dr.  J.  Anderson. 


I  Mrs.  J.  T.  Arnold, 


Met,   Reg,  185 
iin  S.  G.  O. 
S.  O.  and  S.  Coll. 


S.  O. 

P.  O.  and  S.  I.  Vol,  1, 
S.  O, 

Am.  Aim.  1S38  and  foil,  espe- 
cially 1S56,  MS.  in  S.  Coll., 
and  P.  O.  and  S.  I.  Vol 
P,0,  andS,  I.V0I.1,  S.O.,  and 

S.  Coll. 
<5S.  in  S.  Coll.,  P.  0.  and  S. 

I,  Vol.  1. 
'.  O.  and  S.  1.  Vol.  I, 
S.  Coll. 
P.O.andS.I.Vol.l,S.O.,and 

S.  Coll. 
P.  O.  and  S.  I.  Vol.  1. 


75.04 
73-57 
70.33 


14.64 

Dec.  1864;  Fel).  1S65 

„ 

Aug.  1849;  Apr.  1850 

29.81 

52.46 

■  Feb.  1864;  Dec.  1S70 

■; 

52-ii6 

J  Jan.  1864;  Dec.  1870 

36,91 

52-36 

1S37;     1841 

MS.  from  S.  G.  O. 
Ar.  Met.  Reg.  1855. 
Rep.  pf  N.  W.  Bouiic 
MS.  from  S.  G.  O, 
MS.  from  S.  G.  O, 
Wilkes. 


SO  48 
4758 
4889 
5142 
5033 


SZ09 
4856 


47-71 
53-86 
5i->3 

52-39 
54.82 
52.66 
49.91 


59-03 
46.31 


57- -3 
45-36 


1857 

July,    1866;  Dec.  1870 

May,    1S49;  Dec.  1851 

Mar.    1857;  Dec.  1870 

1847 ;         1850 

Jan.     1851;  Dec.  1858 

Aug.    1833;  Dec.  1870 

Oct.      1857;  Dec.  1870 


May,    1S60;   Dec.  1862 
Apr.     1868;   Dec.  1870 


E.  P.  Thompsou. 

Dr.  Carey. 

Johnson. 

Dr.  E.  H,  Bowman. 

Prof.  J.  Hall. 

Dr.  S.  B,  Mead. 

A.  J.  Babcock,  Dr.  A. 

Spaulding  and  wife. 
Prof.    W.    Coffin,   T. 

Mead,  and  F.  Cran- 

N.  T.Baker,  J.  J.  R. 


Rev.  W.  V.  Eldridge. 

Dr.  G.  O.  Smith, 

Mrs.  E.  M,  A.  Belle. 

H.  A.  Schaiiber. 

I.  Fitch. 

C.  Gramesby. 

Assist.  Surg.,  S.  Mea- 

cham,  S.  Brooks,  I. 

I.    Langguth,     and 

C.  N.  Moore. 
W.  C,  Spencer. 
T.  Dudley. 


and  S.  J 


P.  O.  i 

S.  O. 

MS.  in  S.  Coll. 

P.  O.  and  S.  I.  Vol.  I,  and  S.  O. 

Pat.  Off.  Rep. 

S.  Coll.,  P.  O.  and  S.  I.  Vol.  I. 

MS.  in  S.  CoU. 

P.  O.  and  S.  I.  Vol.  I,  and  S,  O. 


S.  Coll.,  P.  O,  and  S.I. Vol.  1 
P.  O.  and  S.  I.  Vol.  i,  and  S.  O. 
P-  O,  and  S.  I.  Vol.  I. 


Rec.  of  Mech.  !nst.  and  S.  O. 


8  Observations  previous  to  Feb,  1853,  at  other  hours;  they  wei 
'  Observations  previous  to  April,  1853,  at  0,  9,,  3^  9,;  they  wi 
6  Observations  at  tliree  stations  within  a  radius  of  a  few  miles. 
'"  Observations  previons  tn  1844  were  made  at  Fort  Dearborn. 


!  referred  to  7„  a„  9„. 

re  referred  to  7^  2^  ij^  ^^^. 


9  Also  called  High  Open  Prairie 
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JLLINOIS.-Coiitinucd. 

NAME  OF  Station. 

i 

r 

1 

■^ 

S 

^ 

^ 

g 

^ 

1 

i 

^ 

'i 

hJ 

X 

>^ 

E 

< 

S 

'^^ 

< 

<y> 

0 

1 

Q 

17°. 25 

35''-42 

44°. 37 

53°.6i 

Effi    hjn 

9 

.. 

62.73 

73°.  40 

77°.45 

79°-65 

-4    Egi 

43 

36.S5 

45-13 

56.99 

66.36 

69,40 

g^gi 

48'>.63 

34°- 59 

S    Eln 

89 

26.92 

33>53 

48.72 

70.52 

75.26 

70.96 

62.94 

4S.76 

38.01 

23.35 

6    E                (N     W 

4 

8      9 

8 

3    9 

25.86 

34-32 

45-63 

55^89 

66.15 

70.20 

70-43 

66.7s 

49-63 

39.78 

23-89 

Um            ) 

7    F    mRdg 

885 

60 

90 

26.05 

40.00 

46.73 

62.43 

66.10 

69.4S 

68.13 

59.08 

49-86 

31-50 

18.73 

8    F  It  Anns       g 

90 

3 

So 

24-68 

37-83 

51,06 

62.67 

7>.39 

76.48 

74-48 

62.98 

52.26 

39.02 

27.16 

9    F    m 

23.43 

33-93 

36.56 

53-41 

67.61 

75,22 

71.56 

65.82 

49-45 

30.28 

32,24 

Ga            g    U       rs 

90 

26.10 

33.22 

59.63 

70.41 

74.06 

71.75 

63.69 

49  93 

38.75 

Go       d 

88 

41.29 

45-34 

58.3' 

65.89 
55.56 

75.18 

81,76 

80.59 

72,07 

58-97 

46,17 

36:31 

H 

8 

66,15 

52,28 

41,04 

25-85 

H 

P 

28.'90 

32.85 

54-78 

67.7s 

74.S3 

80,45 

74.28 

^'^■u 

53-73 

4' -45 

25.90 

5    Hg    an 

844 

89 

35.'8 

44.52 

57.50 

67,62 

75-54 

79.55 

77-97 

70,88 

55.95 

42.9S 

34-44 

H      bo      gh 

8 

25-39 

39.40 

H 

S 

49.03 

62,27 

75-h 

79.30 

75-65 

68,48 

48.75 

42,25 

28.S5 

8    J    k 

9 

24.27 

41.48 

55.18 

61,69 

75. '3 

74.45 

72-52 

65.53 

54.97 

44.89 

34-76 

9    J 

3'-57 

52.79 

56.07 

73.35 

68,65 

40-75 

K    g     M 

8 

24.20 

26,78 

42.48 

53-23 

63. '5 

68.90 

69.08 

L 

g 

27.25 

49.78 

L 

3S-"o9 

43-63 

55.40 

65",2o 

73.95 

75.75 

77-32 

69.25 

57-40 

46',28 

39.88 

L 

33.98 

20.55 

44    Lo  m 

9 

8 

30-36 

32.47 

52.27 

58.90 

7 1. 68 

76,18 

74-34 

64.57 

51.09 

40,36 

Lo 

34-39 

38.48 

55.00 

66,25 

73.'6 

78.67 

76-14 

67.15 

50-59 

42.34 

31-34 

.,'^,^    (        * 

89 

25.7S 

34.98 

47.29 

35.72 

71.61 

85.10 

66.40 

41.65 

25-95 

47    M      lies 

9 

30.65 

3S.55 

5^.04 

76.11 

73-72 

66,^ 

53V56 

40.47 

29.58 

g    M       us 

33.90 

9    M        g 

4 

8    4 

8 

23'.8i 

33.14 

43.78 

55.35 

67.37 

72,16 

6S.29 

60,39 

4S.89 

33.78 

5      M     oon 

8 

28.85 

34-73 

53.18 

66,80 

73.48 

78.42 

75-52 

67.77 

51-48 

40.87 

30.34 

5      ^     k        S 

4 

8 

'k> 

29,28 

47-55 

55.40 

73-17 

76.85 

67.72 

58.22 

46.63 

44.63 

M       d 

8 

39.69 

49.04 

58,80 

68'.76 

76,71 

73.93 

5S.22 

57-06 

36.90 

53    M       dCty 

06 

8 

44 

41.63 

47.18 

77.37 

48-75 

46:66 

*  ..                   ■« 

S 

30.46 

36.68 

52'.'92 

62,99 

73.54 

80.03 

74-87 

65.52 

53.27 

42.1S 

28.53 

^I^      '^ 

8 

8 

9 

30.21 

34-25 

43.06 

53- '7 

68.67 

70,96 

68,07 

61,11 

49-35 

43-56 

9 

51.30 

65-14 

74-87 

74-37 

73.84 

54-97 

N    h       N       ry 

27-41 

47-53 

54.89 

66.00 

7'.  43 

S8    N  perv 

6 

24-53 

74-99 

72,21 

60.29 

47-5' 

17.00 

0 

S  44 

S 

63.13 

54,88 

60    Oq    w 

79.83 

72.93 

68.30 

55-43 

43-35 

27.95 

O            F 

30-55 

37.87 

49.52 

6i'.7i 

68.S7 

72-33 

71.94 

63.28 

50-58 

37-29 

29,46 

28.53 

39. '4 

50. 7S 

61,64 

70-13 

74.55 

73,60 

64.5s 

54.70 

33.95 

20.23 

O 

26.70      35-62 

45-78 

59.82 

69,9s 

74.55 

71.63 

63,91 

52.49 

37,26 

25-79 

P 

30.75      36.^3 

54.^4 

66,  iS 

71,60 

76,76 

74.85 

66,55 

50.12 

39.67 

28,91 

P 

63.4S 

OD    P 

26.04      36.58 

^19.00 

60,74 

70.53 

74.77 

71.43 

65.43 

50-63 

37.78 

24.52 

P 

06 

2S.67 

37.98 

51.05 

62,87 

72.14 

77.11 

74,12 

66.37 

52.63 

39,81 

28,47 

S    P    as        R    g    ^ 

69  Q 

8 

28,42 

3^.96 

47.98 

55-3' 

69.52 

73.66 

70,29 

62,13 

48.13 

39-34 

25-99 

31.88 

37-55 

45.09 

■62.62 

73.29 

79.30 

72.88 

68.38 

55-45 

43.58 

28,45 

R    g    F    nv 

8 

59.75 

69.35 

81.19 

69.43 

60. 8S 

50.80 

R 

88 

bo 

22.87 

31.88 

43.53 

55.71 

65,60 

70.04 

67.S2 

60.08 

46.54 

33.56 

21.93 

R              dAi 

R 

S 

8 

25.8S 

33.24      49,24      60,96 

72.92 

77.54 

75.89     63,94. 

5'.26 

39.89 

24,49 

72,00 

79.  >3 

88 

25-59 

33.94      43.18      5S.61 

68.31 

72-73 

70,27 

62.'23 

48,46 

36.45 

22.39 

P       {       ) 

8 

^ 

38.23 

43,66      56.15      66.35 

75,66 

76,84 

79-70 

73-35 

51.80 

43- "3 

37.62 

S 

29.67 

35.81   ■  48.98      60.31 

71,21 

77-25 

73.59 

64.06 

42,41 

40.34 

28,33 

'  Observations  after  i860  made  at  7^  2^  %,  were  referred  to  6„,  9,,,  N.  3^,. 
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- 

i 

1 

1 

^ 

Series. 

Extent 

Obseeving 

Obsekver. 

Refkrencl^, 

a 

^ 

> 

B^B 

Ends, 

yrs.mos. 

HOURS. 

4      47 

1858 

0     5 

0. 

J,  W.  Brown. 

p.  0,  and  S,  I.  Vol.  I. 

76°.S3 

May, 

0     5 

7B,=j9i.u= 

W.  Thompson. 

s.  0, 

4 

46    2 

68. 64 

47". 71 

2l'',91 

46''VlS 

Jail. 

1858;    July,  1862 

J,  B.  Newcomb. 

P.  0.  and  S.  I,  Vol,  I,  and  S.  O. 

5 

4780 

72.25 

49.90 

23.68 

48.4> 

M.y, 

1862  ;    Aug.  1870 

5  1° 

0.  A.  Blanchatd. 

S.  0, 

6 

4a  ^8 

68,93 

52.05 

34-41 

47.67 

Feb. 

1858;    Dec.  1870 

4     1 

C.    E.   Smith.  J,   H. 
Gill,  0.  Marcy,  and 

E.^B.-Jdwin. 

P.  0.  and  S.  I,  Vol.  I,  and  S.  O. 

7 

4973 

67.90 

46.8. 

21.89 

46.58 

Feb. 

1S60;   Dec.  i860 

0  10 

S,  0, 

5052 

74,12 

51.43 

24.S8 

50.23 

Jan. 

1824;   Dec.  183s 

II     6 

7^  2^  % 

Assistant  Surgeon. 

Ar,  Met,  Reg,  1855. 

9 

71.45 

48.52 

25.13 

46,60 

Ja„, 

1857;    Mar.  185S 

I     3 

I,  H,  Smith. 

v.  0,  and  S,  I.  Vol.  I. 

30 

47    9 

72,07 

50.79 

24.64 

48,70 

Feb. 

1861;    Dec.  ISJO 

9     7 

7m   1^  9. 

W.  Livingbtoiie, 

s,  0. 

3 
3 

5    5» 

79,18 

59,07 
53V16 

37.55 

5808 

Jan 

J866:   Sept,  1870 
1^57 
1S70 

4    9 
0    4 

7m2.9=bU 

7„  2.  9. 

W.  V,  Kldridge. 
J,  L.  Jenkins. 
,  Coc'hrane. 

P.  0,  and  S.  I,  Vol,  I. 
S.  0. 

4 

79 

76.52 

54-37 

27.22 

5248 

1S70 

E,  Osborn. 

5 

565 

77.69 

56.60 

34.13 

50    4 

J 

1S4I:   Mar.  1864 
,858 

15     I 

6„9„N,3. 
7^  2„  9^ 

Dr.    Ryhiuer,   A,   F. 

Bandelier, 
J.  S.  Titeomb, 

MS.  in  S.  Coll,  and  S,  0. 
P,  0.  and  S.  I.  Vol,  1. 

3 

76.19 

53.1& 

Apr 

I     0 

7„  2.  7.  tu 

J.    Ellsworth,   0,    J, 

Marsh. 
T.  Dudley  and  Coffin. 

S.  0. 

JS 

5278 

74-03 

55.13 

=9.34 

5    » 

\tr 

I  49;    Mar.  iS62 

P.O.andS,I.Vol.i,S.O.,and 

S.  Coll. 

39 

-let 

1S43;  Jniy,  1S45 

"0r  9m  3™  9. 

Dr.  M.  K,  Brownson, 

MS,  in  S,  Coll. 

40 

4083 

67.04 

1869 

0    8 

7m  2^  9=  ti. 

Dr.  A,  Spaulding  and 

wife. 
A,  H,  Thompson, 

S.  0. 

4 

1867 

0     2 

'. 

S    74 

75-^7 

57-64 

35.'ii 

5    7J 

Nov 

iS^    ;    June,i862 
1S60 

0     2 

N.  E,  Cobleigh. 
E.  D.  Strauss. 

P,  0.  and  S.  1.  Vol,  I,  and  S.  0. 

S-  0, 

44 

47    3 

74,07 

Si.oi 

27.39 

50    4 

J 

iftbo;    Sept,  1869 

2    9 

T,  Dudley. 

45 

5324 

75-99 

53.36 

33.15 

S.)93 

Ma 

1669;   Dec.  1870 

Dr,  D,  H,  CliBSe. 

46 

39  33 

74-37 

■  ■ 

22,55 

Nov 

1&06;   Aug,  186S 

t     4 

H,  A.  Smith, 

47 

S      6 

73-90 

53-34 

28,  S3 

51  S2 

July 

1S54;    Dec.  1870 

IS     6 

7m  I.  9* 

J.  Grant  &  daughter. 

P,  0,  andS,  l.Vol,  i,andS,  0, 

48 

i860 

7m  2,  9b  ill 

S,  L.  Shotwell, 

E.  0, 

49 

4409 

69.27 

47.69 

23.09 

4604 

Apr 

i85f  ;    Mar.  1869 

5     6 

0,  P.  &  J,  S,  Rogers, 

5 

5    57 

75-81 

53.37 

29.73 

5262 

Ag 

1869;   Dec.  1S70 

1     5 

Dr.  W,  E.  Heniy. 

57.52 

38.56 

Mar 

18  I;   Feb.  1862 

R.  Meeker. 

49    b 

73.13 

50.73 

24,63 

4943 

1854 

Hendrick, 

Regents'  Rep, 

44.3s 

Sei.t 

186    ;    Mar.  1863 

0    6 

7m  2„  9. 

MS,  from  S,  G.  0. 

4 

5    85 

76.15 

53.66 

28,34 

52    5 

Jan 

Ih66:   Dec,  1870 

4  II 

7m  2^  %  Mb 

Rev.  A,"  Duncan. 

S,  0. 

55 

49 

69,23 

51.34 

27.25 

4783 

1849            1850 

1     5 

Gr  9m  3^  9. 

Main. 

S.  Coll. 

5 

73.77 

1865 

0    7 

7m  i»  9. 

J,  Grant  &  daughter. 

s,  0. 

57 

Apr. 

1863;    May,  1867 

0     7 

7m2,  9,l>i, 

J.  T,  Little. 

5"^ 

21.29 

July. 

1859;   Feb.  i860 

0    7 

7„  2^  9^ 

M,  S.  &  L,  Ellsworth, 

P,  0.  andS.  I,  Vol.  I,  anaS.O. 

59 

Y860 

7^\%^ 

H.  A,  Brickenstein. 

S.  0. 

60 

55-69 

1870 

0    6 

H.  N.  Pattereon. 

4970 

71-05 

50-38 

28,12 

49.81 

Jm. 

i860;    Mar.  1864 

4    0 

J,  H,  Rlblet. 

5052 

72.76 

5'.07 

23,82 

49-54 

Jan. 

i860;   May,l86i 

1     5 

Dr.  J.  S,  Pashley. 

6j 

4707 

72.05 

51.22 

25.32 

48.92 

18521    Nov.  1870 

18    9 

Dr.  J,  0,  Harris,  Mi^ 
E.  A.  Merwin,  and 
Meacbam. 

P.  0,  and  S,  I.  Vol.  I,  S.  0., 
S.  Coll, 

S      3 

74.40 

52,11 

29.63 

53,09 

June 

1869;    Dec.  1870 

1    7 

Dr.  T,  Finley. 

S,  0. 

H 

C,  Lee, 

66 

4877 

72.24 

51.28 

24.06 

49-09 

Jan. 

1855;   O".    1865 

6  10 

J,  H,  Riblct, 

MS.  in  S.  Coll.,  P,  0.  and  S. 

I.  Vol,  I,  and  S,  0. 
P,  0.  and  S.  I.  Vol.  I,  and  S.  O. 

67 

5063 

74.46 

52.94 

27.40 

51.36 

Jan. 

1856;    Dec,  1S70 

14    9 

Dr,    F.    Brendel,    M, 
A,  Breed, 

6b 

4675 

71,16 

49.87 

25,72 

48,37 

J"iy 

i86^;   July,  1870 

7     ' 

,. 

V,  Aldrich. 

S,  O- 

09 

484 

75.16 

55-80 

Feb, 

1850;    Dec,  1870 

F.     J.      Hearne     and 

Giddings, 
B,  C,  Williams, 

S,  0.  and  S,  Coll. 

0 

73-32 

1 868 

0    6 

s,  0. 

7 

4    7 

67.82 

46.73 

20,78 

44.76 

Apr. 

1S56;    Dec.  1870 

12     0 

E.     Babcock,    J,    W, 
James. 

73 

478 

75-45 

5'. 70 

24,29 

49.81 

Feb, 

1866;    Dec.  1870 

4    6 

7„  2„  9a 

MS.  from  S.  G.  0, 

73 

1833 

Mead, 

S.  Coll, 

4524 

70.44 

49.05 

23.03 

46,94 

Dec. 

1858;   Apr.  1870 

7m'=a9lbi. 

Dr.  N,  E,  Balloa. 

P,O.andS.I.Vol.i,andS.0. 

75 

55  39 

77,40 

56.09 

37-61 

56,62 

Dec. 

1857;    Feb. 1870 

3  II 

H.  C.   Freeman   and 
wife,  F.  Baker,  and 
S,  C.  Spaulding. 

MS.  in  S.  Coll,,  P.  0,  and  S. 
I,  VoL  1,  and  S,  0. 

76 

48.37 

74,0a 

48.94 

27,62 

49.74 

Jan, 

1865;   Aug,  1870 

5    7 

G,  M,  Brinkerhoff, 

S.  0, 

2  Observations  previous  to  1861  at 

odier  hou 

s;    tile 

y  were  referred  to  7 

^  2^  9^  y,.                         »  Observations  for  1862-3-^  are  not  very  rellahle. 

4    August,  1874, 
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Name  of  Station, 

t 

J 

650 

1, 

■§ 

1 

1 

1 

k 

g 

i 

i 

1 

i 

77.  Upper  Altoni      .      . 

38^57' 

9o''04' 

29=,  43 

34''-39 

43''.47 

52».02 

63°.  53 
63-97 

73''-i6 

76°.  6s 

75°-05 

67-.  87 

53°.S9 

40°.  70 

3'''-39 

78.   Upper  Alton       .      , 

3857 

9004 

650 

26.05 

27,14 

33.64 

52.64 

71-73 

77-84 

73-36 

67.39 

53-64 

40.S6 

30.81 

79.  Vandalii .... 

3858 

89  05 

78.61 

75.57 

80,   Wapella  .... 

44  14 

88  58 

27.7S 

47, !o 

81.  Warsaw  (near)  .     . 

40  2i 

91  23 

5io 

25,36 

29,23 

37.45 

50.  J  5 

61,7s 

70.50 

74.67 

72,SS 

65.57 

51.67 

37.48 

29,14 

82.   Waterloo        .      .      . 

3820 

90  10 

25,86 

37,25 

44-52 

53.41 

64,74 

79-47 

82.79 

80,45 

70.79 

59-32 

45.78 

31.36 

83.  Waukegan    .     .     . 

42    31 

87  55 

646 

35.90 

41.72 

51.08 

84.  Waverly  .... 

39  3S 

8958 

680 

26.26 

30,81 

39.33 

50,52 

63.61 

70.84 

74-35 

73.35 

67,74 

50.40 

39.72 

29.38 

85.   Waynesville.      .      . 

40  16 

8907 

29.89 

24.27 

43-05 

51.66 

57.36 

72.21 

75.54 

73,21 

65. 9S 

53.48 

33.78 

31.50 

86,  West  Salem  .     .     . 

38  30 

88  00 

27,97 

34-33 

44.43 

54.49 

67.  n 

74.26 

78,80 

75-14 

68-55 

57.  iS 

42-36 

33-9S 

87.  West  Urbana     .     . 

40  09 

88  .7 

550 

24.37 

27.97 

39.63 

47.11 

60,48 

70.34 

76.74 

74.23 

66.06 

51.96 

38.41 

29,94 

88.  Wheaton  .... 

41  49 

88  06 

682 

28.49 

21.41 

51-70 

56,09 

72.04 

70.62 

61.39 

49.10 

36.11 

24.97 

89.   Willow  Creek  Nur. 

sery 

4'   45 

88  56 

18.70 

26,7s 

■■ 

70.93 

69.43 

60.83 

37-25 

90.  Winnebago  .     .     . 

42  17 

89  .2 

900 

19.19 

21.80 

31.83 

44.67 

57-69 

67-'' 3 

71-59 

68.94 

6o.8i 

47-04 

34.60 

2I.02 

91.  Woodstock    .     .     . 

42  18 

S8  24 

28.60 

40  13 

47-11 

63,02 

67,78 

72.85 

70,13 

60.66 

49.11 

92.  Wyanet  (four  miles 

41   30 

89  45 

31,72 

26.76 

33-16 

49-03 

59." 

60,11 

75-09 

62,91 

50.43 

39-68 

24.09 

N.  W,  of) 

93.  York  Neck. 

40  05 

9133 

33,90 

33-35 

38.55 

49.00 

62,90 

72.05 

73-25 

72.30  ,  70,15 

52.00 

41.30 

25-65 

INDIANA 

I     Annapols 

9  5 

S7  12 

OQO 

55-38 

3923 

24,88 

2    Anonia 

3845 

85  ^ 

38.42 

40. 5 ' 

53.57 

73.33 

74-39 

54.51 

5 '.79 

25,29 

3904 

8455 

2S9S 

33.79 

40-59 

53,90 

63.44 

73.36 

79,04 

74.43 

67.45 

52.67 

41.59 

29,90 

4    BaJbac 

8500 

24-7 

21.15 

32-35 

55.05 

S    Bloom  ngdale 

39  4'' 

!>7  oo 

24    3 

33- 20 

65- 7  5 

74.90 

79.58 

7^.88 

[Fr  end    Acai ) 

6    Bloo      ngton 

86  3J 

7 

3571 

35-22 

41.30 

48.97 

60,88 

70.68 

80,15 

71.49 

52.06 

51.23 

27,4s 

7    t^d  ^    (0  e     m  le 

o9  55 

85     0 

i'-S 

27,96 

35-56 

47.19 

57-93 

65-70 

70.33 

67.71 

60.03 

47.3' 

37,08 

27.17 

S  of) 

8    Cannelton 

o7  58 

85  45 

400 

3039 

38.17 

44-04 

54.00 

64.20 

72.55 

75-47 

73.61 

66.80 

56.10 

45.50 

37.48 

9    Colunb^C   y 

41   10 

5     5 

Oi 

27.33 

32-98 

4S.38 

56,32 

71,27 

75-30 

70,29 

62.6s 

50.29 

39.77 

27.23 

10    F  an      lie 

3800 

^1  30 

3° 

3    45 

38,84 

44,24 

51.60 

63.56 

73.70 

79,00 

76.39 

70,69 

57.59 

43-10 

42.63 

II     F    mes    In         te 

40    0 

°  5 

60,97 

7'. 23 

69,08 

6S.40 

70.15 

50,10 

I      Fort  Wayne 

41  0^ 

85  04 

58.10 

70.34 

25-23 

13    G  eencastie 

39  19 

Sd  45 

2450 

35.00 

41-55 

61,91 

69,43 

.. 

14    G  een  MounI 

19  5- 

"4  5? 

0^38 

35.0s 

15    Hirvev  burg 

39  59 

&7  lb 

2625 

28,15 

33.44 

51.26 

61,54 

7  ='.'09 

75.37 

73,22 

65.63 

43.48 

37.45 

30.98    1 

16    Ind  anipol  s 

y^  47 

bf  09 

6)h 

2645 

30.87 

37.64 

49.94 

60,45 

71.73 

74.58 

71,60 

64.63 

50.43 

40,82 

a8.8o  1 

17    Jalapa 

40  40 

•<5  4S 

34  58 

33.95 

32.05 

56.13 

67.30 

78,76 

68.53 

59.46 

49.31 

42.09 

27.49 

18    Jeffe-sonville 

j'^  '9 

^5    42 

40c 

48 

45. 

45- 

59- 

69, 

80. 

79. 

82. 

70. 

60, 

53- 

37- 

19    KendallviUe 

41  21 

f>5  14 

975 

31.46 

40.47 

50.48 

60,12 

71.77 

7S.95 

75-70 

66.67 

20    Kentland 

40  47 

87    2 

7  5 

3100 

31.89 

31,28 

46,98 

57,00 

65.84 

71.32 

73.25 

63.S8 

44.03 

34,60 

27.50 

21    Lac  n  a* 

iiiO? 

35  iS 

34.0s 

39.80 

56,05 

65.40 

71.9s 

76,75 

75.55 

67-83 

51-64 

43,67 

33.52 

22    Lafayette 

40     n 

80s' 

^  ' 

'•9  7j 

32.38 

31-35 

47-58 

69,80 

71.20 

74-25 

30.70 

3    I  ipu  to 

41  SI 

^S  4o 

55 

819 

36.40 

36.35 

47.27 

61.26 

68,69 

72,99 

70.73 

64.67 

48,84 

40,90 

26.49 

4    ^-ipote 

4'  37 
41   I 

S6  4-? 
Si;  10 

550 

SO 

28.0 

36-0 

40.0 

50,0 
55.29 

60,0 

64,0 

65.0 

54-0 

45.0 

34.0 

20.0 

5    Lot,an  p    t 

40  41 

8     19 

000 

415 

30.36 

37.97 

49.98 

60,84 

70.59 

77.50 

73.38 

64.^8 

52,03 

38.03 

28.40 

7    M  dso 

.8  4=; 

85     0 

4. 

31-53 

43.53 

55.83 

62.87 

71,11 

80.0S 

7S.31 

69.56 

56,27 

39.24 

37-33 

'  Observations  a 

6„  3,  6„,  from  Nov.  i,  1851,  to 

May,  185 

3,  subseq 

ently  at 

2    9  ;  no  correction  for  change  of  hours  has  been  applie 

1 

i  Observations  p 

ovious  to  1857  were  made  alirre 

s ;  the  s 

lies  has 

een  corrected  for  daily  variation. 
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Series.  Extent  Observing 

Begins.  Ends.        jrs.in 


50.69 
55-34 
49.07 


7365 
76.07 
73-77 
70.28 


28.82 
28.55 

27.39 
24.96 


24.19 
27.63 


1865 
1868 
M,iy,  1840;  Dec,  1 

Mar.  1865  ;  Dec.  1870 

1849 
Apr.  1S62;  Dec.  1 
Jan.  1858;  Mar.  1859 
Feb.  1856;  Oct.  i860 
Apr.  1857;  Dec.  1859 
Dec.  1857;  Dec,  1S61 


Or  9m  3 

7m  2, 
7„  2.  9: 


Anna  C.  Trifle. 
J.  A.  Sanborn. 
T.  L.  Groff. 
Ben.  WMtater, 

H.  Kunster,  F.  Sum, 
Dr.  C.  Jozelle. 
.    Josiyn. 
T.  Dudley. 
}.  E.  Canti-il. 
H.  A.  Titze. 
Dr.  J.  Twain. 
VsoS.  G.  H.  Collier. 

E.  E.  Bacon. 

J.   W.    Toiman    and 

daughter. 
G.  R;  Eassett. 

E.     S.     Phelps    and 

V.  P.  Gay." 


.IS.  in  S.  Coll.,  P.  O.  1 

I.  Vol.  I,  Qnd  S.  O. 
S.  O. 

S.  Coll. 

S.  O. 

P.  0,  and  S.  I,  Vol. 

P.  O.  andS.  I.  Vol.1, 

P.  O.  and  S.  I.  Vol, 

P.  O.  and  S.  I.  Vol.  I, 


and  S.  O. 
and  S.  O. 


51.98 

75.61 

75-79 

53.90 

30.8. 

53-09 

46-89 

67-91 

48.24 
48.  r4 

32.80 
26.33 

51-38 
47.32 

54.08 

73.88 

56.13 

35-35 

54.86 

45-89 

72.29 

50.90 

26,06 

48-79 

53-13 

76.36 
69-57 

57.13 

37.97 

56-15 

48.7  s 
49-34 

73.56 
72.64 

48.85 
51.96 

28.46 
28.71 

49.91 
50.66 

57.67 
50.36 

So!33 
75-47 

50.29 

32,01 
43-33 

60.5S 

45.09 

70.14 
74-75 
71-75 

47.50 
54.05 

30.13 
34-25 
30.94 

48.22 
54-20 

48.26 

70.80 

5 '.47 

27.03 

49-39 

42.00 

63.00 

44-33 

a4-33 

43.41 

49.60 

73-89 

51.51 

27.64 

50.66 

54-07 

75.50 

55-03 

33.91 

54-63 

i 

Dec. 
Jan. 
Sept. 


;   Dec.  1870 

66 

;   July,  1865 

;    Sept, 


■  1865 


;    Apr. 


1857;    Sept.! 

1865 
1849;   Dec.  I 


July,     1854;    June,l863 


Nov.     1854;    July,  1866 


7m  2,  % 


7„  \  9. 

7m2.9«M 


R.  S.  Roberlson. 

Thomson. 

G.  Sutton. 

Miriam  Griest. 

W.  H.  and  Mary  A. 

Hobbs. 
C.  M.  Dodd  &  others. 
W.   Dawson   aad    T. 

E.  Redding. 
H.  Smith,  Ji-.,  and  P. 

Smith. 
Dr.    F.    McCoy    and 

daughter.    Dr.   W. 

J.  Ma>:wen. 
J.  F.  Crisp. 
I.  E.  Windle. 
R.  S.  Robertson  and 

Huesles. 
Profs.   C.  J.   Downey 

and  J.  Tingley. 
J.  Haines. 
B.  C.  Williams. 
W.  W.  Butterfield  and 

Dr.  A.  C.  Irwin. 


J.  Knauer  and  W.  B. 
Coventing. 

D.  Spitler. 
A.  Croiier. 

A.   H.  Biiby  and  J. 

W.  Newton. 
F.     G.    Andrew    and 

Newkirk. 
Reid. 
Dr.  W.  W.  Spratf. 

E.  L.  Berlhaud,  C.  E. 
Laselle,  I.  Eartlett, 
and  T.  B.  Helen. 

C.  Barnes,  and  Rev. 
S.  Collins. 


S.  O. 

S.  Coll. 

P.  O.  and  S.  I.  Vol 

S.  O. 


S.  Coll.  and  S.  O. 

P.  O.  and  S.  I.  Vol.  i,  and  S.  O. 

S.  0. 


P.  0.  and  S.  I.  Vol.  I. 

S.  O. 

S.  O.  and  S.  Coll. 

Newspaper  slip,  P.  O.  and  S. 

I.  Vol.  I,  and  S.  Coll. 
S.  O. 


S.  O. 

P.  O.  and  S.  I.  Vol.  I,  and  S.  0. 

S.  O.  and  S.  Coll. 


Pat.  Off.  Rep. 

S.  O. 

MS.  in  S.  Coll.  : 


P.  O.  and  S.  I.  Vol.  1 


s  Observations  after  February,  1863,  \ 
*  Also  called  Tobacco  Landing. 


e  made  at  Nswcaslle  very  n. 
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INDIANA— Comiiiued. 

Name  of  Station, 

i 

! 

t 

i. 

1 

1 

% 

i 

i 

1 
< 

1 

i 

ll 

i 

2S     M 

9    5 

73 

8    54 

jo.87 

38''.20 

5>°-76 

62", 03 

2".  39 

S°.93    76" .44  ]64''.99  1 

2''.93    43°.  16 

30=.52    ; 

29    M   h  -a    C  J 

4     4- 

£    49 

6 

24    8 

19,30 

3S.05 

44.63 

56.46 

67.48 

72-95 

70.80 

63.72 

47.87 

35-69 

27.60 

3     Ml 

3     M  h      1 

39  47 
4    3J 

85  6 

86  8 

800 

3 

'■9-3^ 

3S.53 

52,61 
43-84 

62.24 
63.31 

71-13 

64.97 

75.52 
73.31 

73-'3 
70.72 

67.80 
62.27 

50.26 
51.11 

43.09 
43.73 

31.53 

3     11        L       1 

39     5 

its 

9 

3      & 

10.83 

36.00 

5I-S5 

65-13 

70.77 

76.31 

75.98 

67.74 

50,14 

3S.S5 

29.85 

3J    M         Hi 

39  47 

5  3 

& 

S 

'9.75 

38.09 

50,28 

61,63 

69.97 

75-32 

74.W 

66,45 

49.29 

40.51 

28,18 

34    M 

4 

85 

5  54 

!o.73 

35.70 

49.08 

60,3^ 

70.75 

75-16 

70.71 

62.27 

49.03 

40.17 

29-38 

35    -^      All      > 

^     9 

85  S 

5 

685 

i9-56 

40.03 

51-46 

61.98 

71.76 

76.90 

73.06 

68.61 

51.57 

43-73 

35.40 

36  N       H            y 

37  NwH           y 

38 
38 

87  54 
87  54 

S 

34 
3    3 

1'.53 
(6.29 

52-56 
43-77 

56.04 
55-36 

67.64 
65-53 

76.36 
73.20 

78.8s 
78.53 

75.50 
76.04 

65-65 
68.92 

55.73 
54.44 

43.37 
44.25 

37.36 
35.13 

3S    N  wi  rt 
39    1    im    li 
4       R          1 

4      R   1         -1 

39  57 

4    =;5 

39  S 

84  54 

85  a, 
87     5 
84  5 

& 

98 
99 

5    5 

51.04 

43-50 
34-91 
39-45 

47-39 

63-35 
59-24 
60.59 

70,24 
70.73 
70,08 

7'.'83 
75.02 
73.85 

70.19 
71.70 
71.44 

65,24 
65,88 

48,08 

47.49 
52,20 

43-28 

36',98 
39.48 

21.15 
34.67 
30.19 

42.   Rockville  (one  mile 

43,    Rockviilo       .      .      . 

39  47 
39  46 

g:s 

jj^ 

25,90 
35-59 

28.50 
39-. 5 

36.40 
36.65 

50.40 
53.13 

60.30 
62.88 

67,40 
68,00 

74,70 
72.20 

71. ;o 
72.05 

65-90 
63.68 

50.90 
46.43 

40,50 
40.10 

28.90  ! 
27,65 

44.  Soulli  Bend  .      .      . 

4139 

S6  12 

600 

21.14 

29.14 

35.38 

46.99 

61.07 

68.93 

72.47 

71-34 

62.60 

47.81 

38.74 

29.74 

45.  Spiccland       .      .      . 

46.  Vevay       .... 

47.  Warsaw    .... 

39  SI 

384s 
41   14 

85  25 
85  05 
85  52 

1025 

535 

35-57 
29.38 

30.62 
35-76 

36.69 
43.47 

50-36 
56-13 

60.28 
63,7s 

70.5s 
74.62 

74-74 
79.09 

71.29 
75.51 

64-36 
69-35 

49.47 
53.89 

40,13 
42.90 

29,23 
32.31 
29.90 

INDIAN  TERRITORY. 

I.  Armstrong' Acad,*  . 

3.  Baptist  Mission  .      . 

4.  Fort  Arbuckle   ,     . 

34  07 

35  00 

34  29 

96  13 

97  00 

97  ''7 

47.36 
3S.09 

46.56 
45.'4 

53.^3 

53-43 
53-35 

63-03 

64.83 
6t-33 

69.90 

70,05 
69-95 

77.08 

76.40 
77.12 

80.72 

82'.23 

82. 29 

82,56 

76.03 
Si.  24 

68.97 
73.76 

66.17 

it 

53-19 
47.75 
43.23 
49.65 

38^55 
39.04 

S.  Fort  Gibson .     .     . 

3548 

95  20 

560 

38-8. 

41.83 

51-50 

63.53 

69,31 

76.33 

80.84 

80.22 

73-43 

61,29 

49.61 

40.12 

6.  Fort  Sill  .... 

7.  Fort  Towson     .     . 

8.  Fort  Washita     .     . 

34  45 
34  00 
34  " 

9838 

95  13 

96  38 

r« 

42.95 
41.69 

45.9' 
47-30 

53-3' 
54.01 

62.83 
63,85 
63.27 

73.31 
6953 
70.39 

76.72 

82.14 
80.56 

8I.2I 

78.64 
79-53 
80.97 

74-99 
74.80 

56.17 
60.84 
62,54 

46.97 
50.08 
5'.62 

ss 

9.  Good  Water  Mission 
10,   Lee's  Creek  .      .      , 

33 
35  30 

95  H 
94  30 

48.-70 

83.60 

94-43 

■■ 

IOWA. 

I.  Algona     .... 

43  05 

94  15 

1500 

11.69 

17-93 

36, 60 

42.15 

58.1s 

67-51 

71.62 

68-47 

59-64 

44.51 

31.59 

19.56 

2.  Algona    (ten    miles 

S.  W,  of)  .      .      . 

3.  Ames  (six  mUes  N. 

„  aS...  :  :  :  : 

5.  Bangor     .... 

6.  Bellevue  .... 

42  55 

41  31 

42  10 

43  15 

94  17 

91  08 
93  09 
90  25 

1500 
790 

10.82 

26,58 
16. 98 

16.04 
25.19 

33.53 

26.40 
24,13 

41,70 

44.98 
50.35 
43.96 

55-30 

50.08 
62.  S8 
58.26 

66.79 
68,49 

73.58 

73.68 
73-44 

67.28 

7l'.90 
69.51 

56,12 

62.63 

61.95 
61,41 

44-75 
49.21 

31.98 
33-64 

17.94 

20,'l6 

1  This  series  include 

observations  in  Sept.  0 

ct.  and  N 

ov.  1858,  and  May,  1859,3 

Notre  I 

-)ame,  about  three  and  half  miles  N.  W.  of  JHUha 

™,J«     1 

«  Observations  in  Fe 

.  March,  April,  and  M 

y.  1868, 

were  made  at  Carthage,  abo 

It  one  an 

d  half  miles  S,  E.  of  Mount  Hope. 

'  Observations  from 

May  to  Anj^ust,  1849,  b 

th  inelus 

ve,  were  made  at  Walnut  h 

ilk,  abou 

t  one  and  half  miles  K.  W,  of  Richmond. 
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49.09 


74-35 
73' 24 


50.49 
54-63 


70.75 
72.48 
71.79 


505^ 
47  Si 


30°-98 


29.94 
28.SS 
33.94 
37.67 


49.72 

5 '-32 
55-38 


52-05 
5 '-32 
49.90 
53-41 
57.05 


26.67 

28.47 
32.48 


June,    1866;    Dec.  1 

Jan.      1857;    Sept.  i860 


June,    1S69;    Dec.  1S70 


Feb. 


;   Dec, 


Oct.     1863;  May,  iSjo 

Apr.     1856;  Mar.  . 

1826;  1825 

1850;  Dee.  1S70 

.V.    1851,  Nov.  1853 

ly,   1864;  Aug.  1865 

July,    1864;  Oct.   1870 

1849;  Aug.  I'" 


T.  Holmes,  ™d  B.  F. 

McHenry. 
C.  S.  Woodward,  W. 

"Woodbridge,       and 

li.  Elake. 
Dr.  V.  Kei-sey. 
G.  C.  Meinfield,  and 

T.  Vagnie. 
f.  A.   Applegate  and 

daughter. 
C.  M.  Hobbs  and  D. 

E.  J.  Rice  and  Dt.  G. 

W.  H.  Kemper. 
C.  Barnes,  and  D.  E. 

L    auin,r 

lr>.->-.t 

T    Lhipell  Smith 

Roberts 


Mui 


est 


.  O.  and  S,  1.  Vol.  1 


S.  O.  and  P.  O.  and  S,  I.  Vol.  1 

Do.e,  18^7- 

P   O    -ind  S.   I.  Vol.  1,  S.  O., 


Dr  J  H  Loughndge 

W       W      Austin,    J 

Minre     J     Hiincs, 

F     W    R-mibi,   J 

\  ilentme 


O   ind  S.  I,  Vol.  I,  S.  0.,& 


MS   inS   Coll. 


INDIAN  TERRITORY. 


r  05 

80.  i2 

64-53 

45-35 

.3.0. 

.850 

6277 

78.22 

56.03 

6154 

80.22 

40,76 

fii.oS 

Oct.  ig 

61  oS 

79- '3 
79-34 

61.44 
59-33 

40.25 

60.43 

July,  IS 

62  2, 

7S.92 

61.09 

61. SO 

J...  .1 

79-63 

63.03 

43-53 

Jm.  lg 

01         1853 

i85o 
i860 
850;  Ang.  1S70 

2  5 
0  9 

837;  June,i8S7 

29  10 

1870 

0  8 
16     3 

i860 
1861 

H.  F.  Buckner. 
7m  2„  %       ]■  B.  Hitchcock. 
Assistant  Surgeon. 


Ar,  Met.  Regs.  1855  ^^  i860, 
and  MS.  from  S.  G.  O. 

Ar.  Met.  Regs.  1855  and  i860, 
and  S.  Coll, 

MS.  from  S.  G.  O. 

Ar.  Met.  Reg.  iSjS. 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 

S.  O. 


Sept.    1S66;   Aug.  I 
Sept.    1S69;   Mar.  1 


J.  M,  Cotton. 
E.  Carpenter. 
J.  M.  Gidley. 
J,  C.  Tory. 


*  Observations  corrected  for  daily  variation  by  means  of  the  general  table. 

'  Observations  at  7^  2^  g^  after  March,  1853.     No  correction  for  change  of  hours  has  been  applied. 

'  Also  called  "Eh-yoh-hee." 
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.  Boonesb 
.  Border  PI 
.  Boweii     J 


.  Broolts  1 
.   Ceres  . 
^.  Clarind 
14.  Clinton  ( 
.   Council  Bl 
.  Dakota 


,  FairfielJ 

.  FairfieH 

.  Fayette  \  Hag 

33.  Forrest    11 

24.  Fort  A  k  ns 

z$.  Fort  C    gh 

36.  FortD  dg 

27.  Fort  M  d 

28.  Frankl 
2g.  Grant  Ctj- 

30.  Gultenbe  g 

31.  Guttenbe  g  ( 

32.  Harris  G 

33.  Hespc 

34.  Indepe    i 

35.  iowa  C  y 


38.  Li?-ard 

39.  Manch 

40.  Maquok 

41.  Marble  R    k 

42.  Mineral  Rdg 

43.  Montii  II 

44.  Mount  V   -n 

45.  Muscat 


46.  Mount  Plea,ant 

47.  Newlo 

48.  North  U         ( 

49.  Onow    C  y 

50.  Osage 
.  Fella 

5  a.  Pleasa     PI 
53.  Poultn  y 
S4-   Qaasq 

55,  Rockf   d 

56.  Rolfe 
57-  Rossvll 

58,  Sac  C  y 

59.  Sioux  C  y 


60.   St.,M 


>7 


91     3 

5 


23' 93 
3039 


3i°-68 
35.54 
29,41 


27.14 
16,59 
24.09 


25.56 
23.35 


15,64 
17,70 


32.37 

24,63 
14.9S 

25.93 


62°, 44 
57,84 
60.84 


47,45 
52.37 
38-32 

46,30 


46.80 
46,76 
49,73 
48.63 
42.49 


33-03 
25.42 
27,74 


37-63 
29.01 
36,92 

32.85 


46,97 
43-33 
44.80 
45  ■7& 


57°.  70   ; 
69.8 
69.1 


68,79 
73.77 
67,90 


59-49 
61.48 
57,66 
58.38 


57-35 
62.74 
56.34 
59-33 
58.55 


50.37 


46,75 
48.05 
5" -3° 

43-13 
49,64 
43.27 


69. 68 
69.62 
66.37 


58.57 
58.25 


55-51 
63-77 
56-99 


65°- 82 
72.37 
69.47 


73-74 
76.24 


77.07 
69.85 
70.72 
72.47 
73-77 
76.36 


69,99 
72.65 
67,7s 
69.58 


69.29 
71.49 
65-94 
69,90 
69.30 
67.35 
69,15 


63-13 

74-32 
69.03 


74.69 
74-48 
76,29 


66.05 
69,17 


59-47 
64.57 
60,85 


0 

a 

M°.68 
Si-25 
45.27 

5°.26 
34-10 
34,68 

50,60 

41-23 

46.36 
50,69 

33-77 
38.19 

49-33 
52.00 

36.81 
36.45 
36-73 
37.12 

46.57 

36.88 

48.76 

35-55 

52,0 
52-47 

45-94 
49-32 
45.40 

S:3s 

33-06 
33-53 
31,02 

51-44 

33.43 

52.28 

38.65 

50.74 
4^.48 
44.94 
46.56 
49-79 

49.00 

32-93 
34.02 
33-95 
34-92 
37.54 
30,40 
35.20 
35-99 

47-89 
55-60 

34.65 
39-'3 

47.66 

35-43 

52.28 
41 -S3 

47' 89 

40-63 
31-23 
35-03 
34-99 

49.09 

35-21 

46.58 

33.S5 

40,80 
45,64 

30.63 
35. '4 

49.50 
49,90 

33-o« 

49.79 
47.16 

Its 

42-44 

35-09 

34-03 
29-49 

'  Al     call  d  B 


3  Observations  in  1S57-58  wer. 
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^ 

i 

B 

i 

J 

Series. 

Ext 

NT 

Observing 

Obsekvek, 

References. 

^ 

1 

1 

1 

>: 

Begins.           Ends.  ■ 

yrs.H 

OS. 

HOURS. 

7 

46       5 

69°.  99 

46°.47 

20°.  29 

45''-75 

Nov.    1867;   Dec.  1870 

2 

6 

7^2.  9„^^ 

E.  Babcoclt. 

S,  0. 

8 

45    0 

72.77 

49-97 

19-59 

46.86 

July,    1856;    Sept.  1859 

3 

3 

7m  2^  9» 

W.  K.  Goss. 

P,  0.  and  S.  I.  Vol.  I. 

9 

45  9° 

79.28 

46-93 

46.28 

Feb.    1853;   Dec.  1870 

' 

3 

7.2,9,,^ 

S.  Woodworlh,   Bid- 
■well,  and  FacweU. 

S.  0.  and  S.  Coll. 

5    87 

7382 

51-83 

26.93 

51-36 

Feb.     1859;   May,lS68 

9 

J.  M.  Corse,  and  L. 
P.  Love. 

P.O.andS.I.Vel.l,andS.O. 

44   5 

70.42 

47. '7 

18.11 

44.94 

Apr.     1862;   Dec.  1870 

8 

3 

A.  C.  Wheaton. 

S.  0. 

i 

43    5 

69,92 

50.76 

17.56 
24.46 

45-35 

May,   .865;   May,i86S 
Jan.     1865;   Feb.  1S66 

3 

3 

J.  M.  Hagensick. 
Dr.S.H.KridelbauEh, 

:;:: 

4 

4       0 

71,32 

49.87 

23-32 

47-65 

Apr.    1856;    Dec.  1870 

5 

N.  H.  Parker. 

p.  0.  and  S.  I.  Vol.  1,  and  S.  0. 

5 

5    H 

75-48 

51.46 

22,d6 

49,96 

Ja^n.      ,820;    Dec.  .825 

6 

7„  K  % 

Assistant  Surgeon. 

Army  Hoeister, 

6 

37  75 

69.61 

48.86 

14.30 

42-63 

Apr.     1867;   Mar.  5868 

7m2„9>tu 

W.  0.  Atkinson. 

S.  0. 

7 

45*'6 

71.60 

49.46 

22.42 

47-33 

Apr.     1858;    Dec,  1870 

9 

3 

A.  J.  Finley,  W.  P. 
Dunwoody,  J.  Cham- 
berlain.D.  S.  Sheldon. 

P.  0.  and  S.  I,  Vol.  I,  and  S,  0. 

8 

49  99 

71.80 

48.59 

25-39 

48.9J 

Oct.     1S43;   Junc,l867 

3 

10 

J.  A.  Nash,  &  Assist, 

Ar.  Met.  Reg.  1855,  and  S,  0. 

y 

47    3 

71,71 

49-16 

22-55 

47.69 

Jan.      185I;    Dec.  1870 

iS 

10 

MS.   in  S.   Coll.,  S.   0.,  P.  0. 

and  S.  I.  Vol.  I,  and  S.  Coll. 

5467 

72.00 

51-67 

21.33 

49.92 

1855 

Dr.  J.  M.  Schaffer, 

P.  0.  andS.  I.  Vol.  I. 

4835 

73-49 

50-79 

25.03 

49.41 

Apr.      1856;    Dec.  1859 

3 

7 

7„  2/9. 

49    2 

67.69 

45.62 

Oct.      1859;    Nov.  1S60 

7m2.9„M= 

J,  M.  McKenzie. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  0. 

45    2 

68. 10 

47.10 

18.51 

44-83 

June,   1859;   Apr.  1863 

3 

D.  Sheldon. 

4 

5 

45  85 
990 

68.60 
70.49 

45-91 

20.40 

45- '9 

Jan.      1843;    May,  1846 
Jan.      1843;    Oct.    1843 

5 
9 

0r  9,„  3.  9. 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

5 

4   57 

73.04 

49,16 

18,97 

45-94 

Aug.    1851;   Mar.  1869 

4 

7=,  2,  9,  bi. 

Assistant  Surgeon  and 
C.  N.  Joi^enson, 

Ar.  Met.  Reg.  IS55,  and  S.  0. 

7 

49  99 

74.73 

52-17 

25.46 

50-59 

Mar.     1848;    Dec.  1S70 

21 

iO 

6m  N.  7. 

D.  McCready. 

MS.  in  S.  Coll.,  S.  0.,  and  P. 
0.  and  S.  I.  Vol.  i. 

44  73 

70.77 

48.42 

45-74 

May,    1856;   Apr.  1862 

7n.  \  % 

D.  and  Mrs.  C.  Seal. 

P.  0.  and  S.  I.  Vol.  1,  and  S.  0. 

9 

45    4 

72.19 

47.  =3 

20.99 

46.34 

Jan.      1869;    Dec.  1870 

1^\%u. 

E.  Miller  and  wife. 

S.  0. 

3 

4    47 

67-85 

45-48 

18.03 

43-46 

Jidy,    i866i   Dec.  1870 

6 

J.  P.  Dickinson. 

3 

43  34 

68.24 

48.82 

17.76 

44-54 

Aug.    1864;   Mar,  1866 

7 

P.  Dorweiler. 

3 

44  99 

70.09 

49.37 

46.87 

May,    1866;   Dec.  1S70 

5 

J.  T.  Stem. 

13 

45.43 

July,     i860;    Mar.  1861 

H,  B.  Williams. 

34 

4398 

70.48 

47-51 

19.18 

45-29 

Nov.    1861;   Dec,  1S70 

7 

D.  S.  Deerlng. 

35 

46    3 

71.25 

49.62 

22,69 

47-45 

May,    1856;   Dec.  1870 

6 

Prof.  T.  S,  Parvin,  H. 
H.  Fairall,  Dr.  W. 
Reynolds. 

Printed  Slip,  S.  Coll.,  P,  0,  & 
S.  I.  Vol.  I,  and  S.  0. 

36 

43  ^5 

7T.86 

48.62 

19.40 

45  9o 

N  V     1S03;   Dec.  i8;o 

6 

N.  Towiisend. 

s.  0. 

37 

5    09 

74-77 

54-05 

29-37 

5-0/ 

1S51;    Jan.    1855 

2 

5 

Or  9m  3.  9. 

Dr.   and   Mrs.  J.   E. 

Ball. 
J.  J.  Bruce. 

P.O.&S.I.Vol.  I,  &S.  Coll. 

8 

.869 

0 

, 

7ni2^9„^t, 

S.  0. 

! 

4    Sz 

66.14 

48.03 

17.32 

4.5-; 

--ett     1&C5;    Nov.  1866 

3 

A.  Mead. 

4 

1S57 

0.  N.  10^ 

F.  F.  Hobart. 

P.  0.  and  S.  I,  Vol,  I. 

4 

70.66 

51-50 

1867 

7 

7^2.9^^,, 

11.  Wadey. 

S.  0. 

45-45 

23-98 

Api       l8t9;    Mar.  1870 

A.  L.  Sullivan. 

43 

44    8 

70.22 

47-39 

19-55 

45  54 

July,    1S64  i    Dec.  1870 

6 

C.  Mead. 

44 

45  U 

70,31 

48.21 

20.29 

4603 

Oct       1856;    Dec.  1870 

10 

' 

Profs.  B.W.Sniith and 
A.  Collier. 

P.O.andS.  1.  Vol.  I,  andS.  0. 

4 

47    3 

69,08 

4S.ai 

22.99 

46. 9S 

Jan.     1839;   Nov,  1870 

37 

6 

T.  S.  Parvin. 

Ain.  Aim.  1839  and  foil.,  MS, 
in  S.  Coll.,  P.  0,  and  S.  I. 
Vol.  I,  and  S.  O, 

■1 

V    4''> 

73-97 

49-05 

23.60 

48.52 

Dec.     1863;    Sept.  1864 

° 

10 

Rev.     K.     L.     BriggB 

and'  daughter. 
A.  Failer. 

3.0. 

47 

43-95 

Aug.     1869;    Jan.    1870 

0 

6 

4S 

4683 

71.98 

4S-39 

21.25 

47.11 

Jan.      1869;    Dec.  1S70 

F.  McClintock. 

4476 

72.82 

1S64 

8 

Dr.  R.  Stebbins. 

1; 

70.19 

15-29 

Apr.     1866;    Feb.  1867 

A.  BushandF.Marsh. 

5 

47  34 

71.61 

48.91 

20.62 

47-12 

Jan.      1852;    Mar.  1856 

4 

3 

7„  \  % 

E.  H.  A.  Scheeper. 

P.  0.  and  S.I.  Vol.  1,  and  MS. 
in  S.  CoJI. 

5 

4792 

72.64 

49-78 

23.06 

48.35 

Jan.      1856;    Sept.  1865 

9 

6 

7^  \  %  bj> 

T.  McConnell. 

P.  0.  and  S.I.  Vol.  I,  and  S.O. 

'13 

4^  59 

69.59 

48.02 

16-73 

45.23 

July,     ,S53;    June,l859 

3 

4 

7m  2^ .9 

Rev.  B,  F.  Odell. 

P.  0.  £l  S.  I.  Vol.  I,  &  S.  Coll. 

S4 

4    94 

72.35 

49.82 

17.16 

46.57 

Dec.    1853;   June,l856 

4 

Dr.  E.  C.  Bidwcll. 

5'i 

45.12 

14-85 

1868 

7„2.^9„„, 

H.  Wadey. 

S.O. 

56 

44  %7 

70.90 

42.79 

16.06 

43-53 

Feb.     1868;   Jan.   1S70 

0.  1.  Strong. 
C.  b.  Beeman. 

57 

44    8 

69.83 

45-78 

44-98 

Nov.    1857;   Dec.  1859 

7„  2,  9^ 

P.  0.  and  S.  I.  Vol.  1. 

1S70 

5 

7m2„9»u» 

D.  B.  Nelson. 

S.  0. 

59 

44    7 

70.34 

46.19 

30.00 

45.22 

Aug.    1S57;    Mar.  1863 

3 

6 

Dr.  J.  J.   Savillo  and 
A.  J.  Millatd. 

MS.  fromS.  G.  0.,  S.O.,  and 
P.  0.  and  S.  I.  Vol.  1. 

26.81 

Nov.    1853;   Feb.  1854 

" 

4  j     7„  2^  9^ 

D.  E.  Read. 

P.  0.  &  S.  I.  Vol.  I,  &  S.  Coll. 

Four  miles  north wc5t  from  t 

own  on  th 

Bluff  Prairie, 

B  Also  called  Logan. 

Also  called  SJ»-ing  Grovs. 

^  Tile  observatio 

nsin 

l87o-u'ere  made  at  Wesl  Union,  Win  mUts  vitA  oi  Mrik  Union. 
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li 

Name  of  Station. 

i 

i 

j> 

1 

d 

i 

^ 

1 

t 

^ 

j 

vJ 

ffi 

A 

1^ 

S 

<; 

K 

'^ 

-'^ 

■j; 

w 

'^ 

■^ 

a 

6l.  Vawter's  Grove'      . 

4l''l8' 

94°34' 

1500 

1 7  =.02 

24°.  37 

29=,46 

46°.  16 

S9°-53 

59=.96 

5''-87 

70=,  56 

0°,29 

48", 79 

6=.6o 

22°.88 

62.  VeiMn  Springs       . 

43  20 

92  12 

I7-S3 

28.15 

50.61 

57-36 

6448 

70.00 

69.85 

61,38 

47,05 

29,05 

23.63 

63.  Vinton     .... 

42  10 

92  02 

6^7 

60.68 

66.65 

72.58 

73.43 

61.70 

41.30 

31.43 

23-58 

64.  Waukon  .... 

43  16 

91  29 

15.00 

19.90 

25.83 

45-85 

59.13 

65.58 

68,20 

58,2s 

36.95 

28,76 

17.70 

65.  WiisMnglon  .      .      . 

41   17 

91  45 

74-25 

6S.23 

66.  Waterloo       .     .     . 

42  3' 

93  24 

666 

17,46 

21V76 

28,'4S 

45.24 

5S.'i7 

67-46 

72,68 

68.56 

60.75 

47.39 

35-99 

20.57 

67,  Webster  City     .     . 

42  28 

93  49 

1500 

24,28 

36,28 

49-76 

63-75 

59.93 

75.28 

66.6s 

62.95 

47.48 

32.56 

21-15 

68.  Whiteboro     .     .     . 

41  40 

95  44 

sUs 

22.43 

39-93 

42-23 

62.25 

59-55 

80,20 

65,90 

53-38 

4S.05 

33-55 

20,19 

69.  Woodbine     .     .     . 

41  45 

95  42 

20.24 

25,98 

28.03 

47-57 

61.21 

67,22 

73,81 

69.96 

61,13 

43-47 

36,2. 

23.04 

70.  Woodlands,  Tlie     . 

4300 

9300 

19.24 

22,38 

25,68 

49,09 

61.97 

69.27 

73.58 

68,37 

52.01 

34.57 

23.52 

1 
KANSAS. 

I.   Atchison  .... 

39  34 

95  08 

1000 

23.61 

30.15 

35-40 

51-80 

62,28 

72.40 

77-76 

74,41 

66.  So 

53.08 

41.0? 

I 

27.41 

3.   Avon" 

38  12 

95  35 

775 

58-43 

61.20 

70.28 

3.   Baxlei  Spr  ngs 

37  01 

94  44 

si'^^ 

38,46 

46.85 

57,20 

69-33 

75.43 

82,65 

79-75 

71.7s 

58.49 

47-04 

34.84 

4.  Burlingarae 

3S45 

95  45 

30.22 

32-47 

45.90 

52.72 

64-65 

73-37 

7S.68 

75- 10 

57,86 

55-69 

40,15 

27,04 

5.  CoimcilUty 

,842 

95  50 

35  ■70 

29,58 

35-23 

41-59 

55-78 

73.05 

80,38 

74-51 

6.  Council  Gio^e 

3840 

96  30 

USo 

28.27 

34.70 

3S.99 

52-99 

63.94 

73-03 

79.22 

75.73 

67.49 

55-77 

44.77 

30.72 

7.  Ctawfordsville  (ne   ) 

37  31 

94  55 

3I.93 

40.58 

43.58 

66.S8 

69-83 

75-04 

77.85 

45-53 

42.95 

31.45 

8.  Douglas 

37  33 

97  01 

74-34 

65.77 

56.30 

45.87 

30.91 

9.  Douner  b  Station 

3848 

09  51 

3^.63 

45.56 

49.06 

64.53 

57-17 

44,27 

40.04 

10.  Emporia 

3i>    5 

96  12 

65.98 

II.  Fort  Atkinson  (Ark 

Riv.) 

37  47 

100  14 

2330 

33.43 

35.18 

44.61 

S5.'S 

64.81 

73-02 

79-21 

79. '3 

70.73 

55.98 

36,24 

27.52 

12.  Fort  Dodge 

37  30 

•  ■ 

30,89 

38.38 

44.00 

53.95 

66.83 

73.13 

82.63 

76,96 

67,50 

55-56 

44,81 

34.14 

13.  FortHarkoiS 

3844 

98  '5 

25.93 

34-55 

33,64 

54-24 

64.91 

73.70 

79-33 

72.47 

63-32 

56-23 

43.53 

24,79 

14.  FoctHiya 

l8  59 

90  20 

2^07 

30.28 

36,43 

41,16 

51-91 

66.07 

75-60 

81-74 

78.23 

67.88 

53.51 

43.94 

32.45 

15,  Fort  Lamed 

38  10 

9S  57 

1932 

28.03 

35-97 

36,09 

53.57 

65.97 

75.22 

79.85 

77.10 

69.56 

56.10 

43-32 

31-03 

r6.  FortLoayenwoib.'i 

39  21 

94  54 

896 

27.43 

31.29 

4.-62 

54.76 

64.69 

72.70 

77.94 

75-09 

67-51 

54-79 

40.76 

29-33 

F        R 

3^-53 

4I.8( 

5S-'S 

66,73 

75-83 

81.69 

7S.45 

71,02 

55.30 

41,69 

28.78 

00 

34-98 

43- '3 

55-72 

65.44 

73.11 

77,22 

75-53 

68,62 

55 -28 

41,92 

31-09 

00 

800 

27-15 

42-15 

58-58 

70.50 

78-53 

80.64 

78.58 

70.65 

59.60 

41.38 

33-18 

H 

32,04 

40,03 

52,07 

47-93 

64.05 
67,03 

74.14 

76.73 

80.78 

75-45 

65-35 

51-90 

40.42 

39,00 

33-19 

43-70 

52-57 

64.03 

72.96 

78-98 

75-52 

66,85 

52.15 

40.24 

31-30 

29,67 

38-77 

52.25 

61,59 

71,97 

77.21 

73.54 

64,48 

52.38 

39.19 

30.32 

Le    m 

09 

35-69 

50-13 

58.25 

79-94 

78.16 

69.29 

57-59 

43.83 

25.07 

LeR 

36.63 

35.95 

54.74 

63.05 

70,05 

79.00 

81-73 

67.13 

48.44 

39-78 

31-65 

Manha 

31.20 

40,68 

51-55 

63.63 

53,17 

70-55 

73-95 

76,22 
72,09 

79.53 

82,93 
82.76 

75-85 

79.74 
69.40 

67.08 

70.87 
68,87 

53-82 

40,07 

29.72 

37.'9 

30.40 

32,07 

55.48 

49.65 

39-85 

31,10 

27.53 

N  OS      Fal 

35-1' 

42.89 

SS-62 

65,57 

73.98 

79-13 

77-98 

59-39 

52.23 

41.85 

27.90 

0 

32,29 

37-1 7 

50-73 

61,16 

71,89 

77.48 

74.12 

65,41 

52-30 

40,71 

27.16 

al  m  esN  W    f) 

35-65 

38-50 

56-55 

65,2s 

71,10 

77.60 

76,47 

66,51 

51.24 

42,09 

30,09 

■"1^ 

23.8. 

48-13 

53.69 

5.,23 

75.24 

73-85 

68.90 

57- 10 

45,88 

29.65 

V        ott 

36-io 

48.53 

76,82 

6S.91 

54-89 

45-92 

21.71 

Al     ca 

=  Also  called  "  near  Burlington."                                              »  Also  called  Ellsworth. 

0 

e  miles  northwest  of  Fort  Leave i\ worth,  are  included  in  this  series. 
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IOWA,— Continued. 


a/ 

n 

61 

45°  OS 

hj 

45  17 

61 

4360 

(,7 

4660 

bH 

4814 

Oq 

4500 

70 

45  ^^ 

Begins,  Ends. 

May,    1866;    Dec.  1S70 
Apr.     1S61;   June,  1863 

1869 
Apr.     l86g;   Dec.  1870 

1S61 
Jau.     1863;   Aug.  1870 

1S70 
Dec.     1867;   Nov.  1868 
Jan.      1S69;    Dec.  1S70 
Jan.      1869;    Dec.  1S70 


Refer  ENCEa. 


G.  Marsiiall. 

J,  Wood. 

E,  M.  Hancock. 


L.  H,  Doyle. 

C.  L.  Croft, 

D,  R,  Wilier, 


40^3 

74  so 

53-65  1 

27,06 

5'. 35 

^ 

57  79 

7961 

59-C9 

35-52 

58.00 

J 

5442 
4420 
5197 

53  °S 

7572 

7565 

76  3i 
74^ 

54-57 
56,01 
56-3> 

29-91 

3'. 23 
34.65 

53-65 
53.88 

I 
A 
J 
C 

54.S6 
54-93 
50,60 

US 

53.69 

77,13 
77.57 
75-17 
78.52 
77-39 
75-24 

54.65 
55-96 
54.36 
54.78 
56.33 
54-35 

32.04 

29.35 

54.67 
55-73 

54.32 
53- '6 

I- 
f 
!> 
P 

J 

5450 

78  b6 

56-34 

28.90 

54.62 

I- 

54    ( 
S    08 

4  95 
7J    S 

55-27 
57.21 

32-93 

54.48 

J 

5205 

7679 

52-56 

28,63 

52-51 

i 

53  41 

5^ 

53V0S 

31.64 

53.49 

J 

W87 

74   4 

52.02 

28,69 

5'.45 

t 

125 
51  <i5 

7"  93 
7048 

56.90 
5i-7« 
53,86 

33.08 
29.26 

S3-«6 
52.89 

J 

5469 

7^63 
74  75 

77  oj 

54-49 

26,24 
30.85 

5-i.w 

4969 

7450 

52.81 

28.10 

5". 27 

lir 

7506 

53-28 

57-29 
56.57 

32,06 
29.9s 

53-46 

May,    1865 ;    Dec.  1S70        5 


1S5S;    Mar.  1861 

1857;    Jan.    1S58 

1865;   Dec.  1870 

,    1869;    May,  1870 

1870 

Oct.     1867;    May,l868 


Nov.   1850;   Sept. 


1843;  Mar,  1S53  ,  I 
i860;  Feb.  1S62  j 


I  May, 

J"iy. 


1859;  Feb,  r85i 
1867;  Apr.  1870 
1857;   Dec.  1870 


Dec,    1857  i   Sept.  i) 


May,    1864;    Dec.  1870 

May,    1869;    Dec.  1870 

185S 

1S70 
Aug,    1859;   Mar,  i860 


MessiTi.    Ingraham    i 


Dr.  A.  Woodworlh, 

P.  Daniels. 

Dr.  W.  W.  Lamb. 


C.  F,  Oakfield. 
Assistant  Surgeon. 


Assist.  Surg,,  T.  R. 
Drew,  E.  E,  Lee, 
J.  H.  Prince,  and 
J,  Schaffer. 

Assistant  Surgeon. 

G.  F.  Merriani,  J, 
Scott,  J.  S.  Gardner. 

Dr.  J,  Walters,  W, 
H.  Gilman. 

Dr,  E.  W.  Seymour. 

G.  W.  Brown,  W.  J, 
R.  Blackburn,  W.G. 
Soule,A.  W.  Fuller, 
G.W.HoUingswortli, 
Prof.  F.  H.  Snow. 

H.  D.  McCarty,  M, 
Shaw,  Dr.  J.  Stay- 
man,  F.  B.  Stowell, 

Dr.  W.  T.  Ellis. 

J,  G.  Shoemaker. 

I,  T.  Goodnow,  Rev, 
N.  O.  Preston,  H, 
L,  Denison,  B.  F. 
Mudge  and  wife. 

Dr.  S.  O,  Himoe. 

J.  O,  Wattles. 

Dr.  W.  T.  Ellis. 

B.  F,  Goss,  Mrs.  E. 
W.  Groesbcck. 

W,  BeckwiLh, 

L,  D.  Walrad. 
F.  W,  Giles. 
J.  M.  Cotton  &  wife. 
J.  H.  Miliar. 


P,  O,  andS.  I,  Vol,  !,andS,  O. 
P,  O,  and  S,  I.  Vol.  1. 
S,  O. 


MS,   from  S.   G.   O.   and  Ar. 

Met,  Regs.  1855  and  i860. 
Ar.  Met.  Regs,  1855  and  lS&), 

MS.  from  S.  G,  O.  and  S.O. 


P.  O.  andS,  I,  Vol,T 


■.  0.  andS.  I.  Vol,  1. 


P.  0.  and  S.  I,  V( 

S.  O. 

P.O.  and  S.  I,  Vol 


'  Tl\is  series  includes  observ, 
5  Observations  after  1864  we 


-,  November,  and  Dec 


5     Septemrer,  1874, 
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KENTUCKY.                                                                                           1 

NAMEOrSfATlON 

^ 

^ 

900 

I 

j£ 

^ 
S 

< 

S 
67°.o8 

1 

4° -95 

1 
< 

1 

0 

i 

a 

I.  Arcada 

37°34 

84°4Z 

36=00 

36°.  18 

40°.  53 

S6-.2S 

3°-'S 

6=.45 

S3°-2i 

42".  87 

35°. 56 

2.  Ballards  il  e 

38^5 

85 

46 

3000 

33. 23 

40.65 

56.20 

64.61 

75-24 

78.14 

76.21 

69-57 

SS.32 

44.54 

34-52 

3.  Bards  own  (hi   J 

37  SI 

"^5  32 

li 

37-o; 

46.74 

55-5" 

65.38 

74,04 

76.59 

73-75 

66.82 

55-38 

44. 4S 

37.57 

Coll  } 
4.  Bee  h  F  rk 

37  45 

S5   .2 

72. 28 

77-13 

75.50 

64-23 

55-10 

39-88 

5-  Bowl    gUree 

57  01 

bo  31 

45" 

3S  '2 

40.09 

48. 70 

55.53 

65,51 

73-36 

77.85 

76.15 

70.18 

56-30 

44-77 

3S.01 

6.   a  lesburg 

]S  04 

b4  18 

90 

3      0 

36-4- 

4^.68 

54.36 

61.30 

70.36 

76,2s 

72.94 

67-42 

53.49 

43.54 

33-77 

7.   C  nton 

30  40 

89  07 

40 

39-96 

42.68 

54-92 

65.69 

74.48 

82.33 

73-50 

55.55 

54-74 

43-40 

8.   D  1     lie 

37  40 

8448 

900 

35  49 

39.47 

45.5' 

57.14 

66,20 

74.41 

77.25 

75-07 

70.42 

57-54 

47-33 

38^56 

9.   Le    n^t 

^807 

84  32 

950 

69.  §5 

74,98 

72.67 

68,54 

5115 

47-59 

10,  Lei  no 

37  j7 

85  ■? 

717 

54-59 

6-1,. 8 

77.24 

73-35 

49.70 

46. 28 

II.  L     d 

37  0^ 

S40S 

i    8 

44.70 

75-30 

75.80 

72.58 

44.18 

12.  Lo        11 

38  18 

85  50 

450 

30  0 

37.22 

47.09 

54-50 

65-54 

;o-72 

75-94 

75.23 

69,08 

55-42 

42.88 

38-44 

13.  Mi)s    lie 

^8  44 

^341 

f^o 

3443 

3673 

51-55 

46.17 

37.01 

14.  Miilersbui^ 

.,8     3 

64  09 

804 

2961 

33' 27 

42.72 

52.45 

63.91 

73-61 

75.85 

75-39 

66.80 

55-61 

45-23 

36.87 

15,  Ne  vport  Ba  rac!  s 

39  06 

84  29 

ioo 

ji  91 

35-46 

43-47 

53.89 

64,10 

73,00 

77.16 

7S-01 

68.50 

55-53 

44.25 

35.06 

16.  N  cholas  ille 

7  56 

84  38 

940 

1^78 

38.03 

42.57 

54-35 

53-77 

70.21 

73-54 

74-57 

68. 8r 

57-05 

44.39 

40.90 

17.  Noln 

37  34 

85  54 

57. 2 1 

65-39 

18.  01  0  R    er' 

i9     4 

84  40 

60,10 

75-45 

72-22 

73-95 

66.60 

19.  Pins 

38  IS 

84  17 

810 

■^3 

34.70 

41.17 

51-39 

62,06 

70.76 

75.6a 

64.54 

53-14 

41.49 

34.81 

20.   Pleosan  Valley  Ml» 

j8  10 

8j  4J 

73-18 

66.73 

47.18 

46-59 

21.   P    spe  t  H  11 

.8  40 

^3  3! 

700 

>i8 

3S.'6o 

44'. '6 

51.16 

61,01 

72,69 

72.85 

73.57 

64.74 

52.26 

46.65 

35-70 

22.  Sp-ingdale 

^807 

^5  44 

570 

3    08 

36.23 

43.39 

54.01 

62.39 

7035 

74.43 

72.4S 

66.89 

53-29 

43-73 

35-18 

23.  Tavlor  Barra  k 

65.91 

47-10 

32.57 

24.  Taylors       b 

J     0 

8(     5 

000 

63-75 

74-S5 

8^.35 

liOUIE 

IAN.A 

I.  Baton  Rouge 

30    6 

J'   11 

4 

SjCX 

55.31 

51.89 

69.08 

75-74 

8073     Sr.90 

81.45 

77.39 

67.47      59-52 

54.22 

2.  Benton     .     . 

32  30 

93  45 

47^5 

5E.23 

S8,65 

64.55 

71.94 

80.14  ■■  82,41 

81  19 

75.63 

63.78 

55-79 

49.8S 

3.   Black  River  PliOit  n 

31  :>o 

9'  4 

lo'i 

4905 

57.74 

51.47 

64.46 

74-44 

79-33 

81.77 

82.23 

75-21 

66.45 

53.27 

52.25 

4.   Camp  Lawrence 

30  26 

!     IS 

41 

80.00 

74-64 

5.  Camp  Salubr  ly 

3"  40 

9o  '5 

fao 

5o75 

60.00 

60.50 

70.50 

73.00 

80,00 

81'"" 

80-59 

75.51 

65-25 

57-75 

49-75 

6.  Cheneyville  (near) 

3>  00 

59,10 

67.10 

75.55 

79,10 

81.60 

79-33 

7.  Collins     .     . 

jO    jO 

59-73 

49-75 

8.   Fort  JadtsonS 

9     I 

89  27 

58  8- 

58,36 

62.54 

72.02 

ji.'oS 

82,76 

82.95 

81.84 

80.32 

72.65 

63-71 

58.76 

9.  Fort  Jessup 

3'  35 

93  25 

80 

50  (,4 

52.71 

59.16 

67.87 

73-80 

80.32 

82.33 

S1.43 

76.13 

65.95 

56.67 

50-23 

10.  FcrtKke 

30  10 

^9  i>> 

10 

Ss>8 

55.72 

62.82 

70.54 

77.06 

82,31 

83-54 

83.22 

79.31 

70,67 

62.S4 

55-69 

II.  Fort  Sabine 

9  45 

93  ^0 

10 

5160 

43-82 

59,12 

70.26 

79-05 

79-53 

78.35 

72-39 

71.37 

64.52 

53-84 

IJ.  FortWoQd 

jO  09 

^9  47 

5480 

S6.56 

60.30 

71.11 

78.1. 

81,50 

82.96 

82.34 

79,04 

68,84 

62.40 

55-19 

13.  Jackson    . 

91  09 

476 

49.4 

56.6 

65.4 

70.8 

78. 7 

8i.7 

79-9 

75-1 

67.4 

50.0 

48.4 

14.  Monroe    . 

12  Ji 

07 

.)9o 

49-7 

68.4 

70-5 

75.7 

80,4 

82.4s 

80.0 

72.1 

57.7 

48.1 

42.5 

15.   New  Orleans 

9  5 

90  0 

5«7S 

58.39 

66.58 

72.41 

77.26 

81,78 

82.12 

79,42 

69,7. 

58.71 

52.26 

16.   New  Orleans 

J  56 

90  03 

'5 

54    5 

57.90 

63.69 

68.67 

75.76 

80,69 

82.13 

80.43 

78.84 

69.48 

6i.o7 

55.36 

17.  New  Orleans 

-9  56 

00  03 

25 

566 

54-4. 

61.5 

67.4 

73-8 

78-5 

80.0 

79-5 

77.3 

59.3 

57-5 

56.4 

IS.   New  Orleans 

2q    56 

JO  03 

1   590 

56.0 

66,5 

67.0 

74,0 

79-3 

78.7 

81.0 

78.4 

66.7 

63.6 

57.3 

19.  New  Orleam 

9  56 

90  Oj 

5 

55  4 

60.8 

61.3 

71.5 

78- 3 

82.6 

84.6 

83-7 

;8.8 

67.8 

61.6 

56.6 

20.  Petite  Coiiuille 

68.00 

69.80 

74-25 

21.  Rapides 

31   08 

76 

53  5 

54.0 

62.2 

67.1 

73.2 

79-3 

80,5 

80.5 

75-5 

66.5 

57.; 

51.9 

30  49 

91    2 

So 

[23.  Trinity"  (nea  ) 
1  24.  Vidalia  Plantation 

31  .,7 

91  47 

6S 

3^^^ 

53"'G 

61.59 

61.27 

72.79 

82,92 

84-57 

8i'.56 

66.65 

50,99 

11  35 

91  -io 

57.73 

72,85 

25,   West  Feliciana 

30  40 

91     0 

yo 

506 

54.6 

59-3 

55-9 

72-S 

77-7 

79-7 

78.6 

75-5 

66.6     1   55,7 

51.7 

'  Eight  miles  ab  ve 

1 

«  Observations  c    Tec, 

edtorda  yn    at    n       The  value  of  this  Secies  is 

nnch  imp 

aired  on 

account  of  great  irregularity  in  the  hours  of  observa 

tion. 

Hosted  by 


Google 
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KENTUCKY.                                                                                            | 

=" 

1 

S 

1 

c 

SERirs. 

Extent 

Observing 

OliSERVER 

REFEKENUKi. 

&■ 

< 

$ 

'^ 

Begins,            Ends. 

yrs,mo5. 

HOURS. 

' 

54062 

7«°-52 

53°-96 

35''-9i 

54°.oo 

July,     1840;    Dee,  1870 

I      7 

7„2,9.„, 

Rev.   J,    A.    Sheperd 
and  H.  Shviver. 

MS.  in  S,  Coll,  and  S,  O, 

5332 

76-53 

57-48 

32.78 

55-15 

May,    1853;    Jan.    1S62 

3     7 

Dr.  J,  Swain. 

P.O.  and  S.  I,  Vol,  I,  S.  O.,  £: 
S,  Coll. 

3 

5587 

74-79 

55-56 

37,26 

55-S7 

Jan.      1858;    Oct.    1S61 

2     9 

J.  H.  Liineraann  and 

P.  0.  andS,  I,  Vol.  i,andS.  0. 

4 

74-97 

53-07 

1S60 

0     7 

X 

Dr,  C.  D.  Chake, 

S,  0. 

5 

5661 

75-79 

57.0S 

37.74 

56.81 

1849;    Oct.    1855 

0r  9m  3,  9. 

Younglove  and  F.  C, 

Henick. 
Dr.  S.  D,  Martin. 

P.  0.  &S,  I.  Vol.  I,  and  S.  Coll. 

6 

52  78 

73-19 

54.82 

33-83 

53-65 

Mar.    1865 ;   Dec.  1870 

5     9 

7m^^9^M, 

S.  0, 

7 

54  4? 

76,77 

54-56 

37-51 

55-82 

May,    186S;    May,  1869 

Rev.  T.  H.  Cleland. 

55  .S 

75.SS 

58-56 

37-84 

57-07 

Feb.     1853;   Dec.  i8;o 

12     7 

Prof.  0.  Beatty. 

P.  0.  and  S.   L  Vol,  1,  S,  O,, 
and  S.  Coll. 

'' 

72-50 

55-76 

Aug.    1859;    July,  1869 
1843 

0    6 
0    6 

Q,  %.  3^  9^ 

Rev.  S,  R.  Williams 

and  N.  Williams. 
Thebaud. 

P.  0.  andS.  I.Vol,  I,  andS,  0. 
Manuscript. 

74-5^ 

June,  1S65;    Mar.  1866 

0    6 

7,„  2„  9,  „„ 

W,  S,  Doak. 

S.  0. 

'.S  71 

73.96 

55-79 

37-34 

5S-70 

1S51;    Feb.  1870 

4    6 

Rev.  S.  R.  Williams, 
E.  N.  Woodruff,  S, 
Manly,  and   C.   B, 
Blackburn. 

P.  0.  and  S.  I.Vol,  r,S.O.,and 
S.  Coll. 

13 

36.06 

1852;            1853 

0     7 

7m  2>  9. 

Eerthoud. 

S.  Coll. 

'4 

5103 

75.28 

55.88 

3325 

54.36 

June,   1853;    Apr,  1S62 

410 

7p,2,  9.ti. 

Rev,  J.  MiHer,  Rev. 
G.  S.  Savage. 

P.  O.andS,  I.Vol.  I,  S,  0.,and 

S.  Coll. 

IS 

53^2 

75.06 

56.09 

34.  H 

54-78 

July,    1847 ;    Dei:-  1870 

23     0 

7„  2.  9, 

Assistant  Surgeon. 

Ar,  Met,  Regs,  1835  at\d  1S60, 
and  MS,  from  S,  G,  0. 

16 

5360 

72,77 

56-75 

38.24 

55-34 

Jan.      iS6i;    Tuno,i863 

2     3 

7m  2^  9.  w. 

J.  McD.  Matthews. 

S.  0. 

17 

1858' 

7ffi  2^  % 

J.  Grinnell. 

P.  O.andS.  I,  Vol,  1. 

lb 

73- 87 

7m  2.  %  an 

M,  G.  Williams, 

S.  0. 

"54 

72-75 

53-^ 
53-50 

32.45 

52-45 

Jan.      1856;    Dec,  1S59 
1S50 

0    4 

7,0  2„  9. 

" 

Dr.  L.  G.  Ray. 

P.  0.  and  S,  I,  Vol.  1, 
S,  Coll. 

53  II 

73-04 

54-55 

35-83 

53-88 

1849;            185 1 

I     9 

Or  5m  %  9^ 

Beatty, 

22 

53-6 

72.42 

54-64 

34-50 

53.71 

July,    1841;   Dec.  1870 

37     8 

1 

Mrs.  L.  Young. 

P.  0.  and  S,  I,  Vol.  I,  MS,  in 
S.  Coll,,  and  S.0, 

S3 

1870 

7m  2a  % 

MS.  from  S,  G.  0. 

24 

1866 

0    3 

7„  2^  9„  ti,     H,  C.  Mathis. 

S,  G. 

LOUISIANA. 

: 

68.90 

81.36 

58.13 

54-20 

68.15 

Jan.      1822;    Dec,  1860 

28     0 

7„  2^  9, 

Assistant  Surgeon. 

Ar.  Met.  Regs.  1855  and  r86o, 
and  MS.  from  S,  G.  O, 

65.05 

81.25 

65.07 

49-65 

65.25 

May,   1867;   Nov,  1870 

7m  \  9,lJs 

J.  H.  Carter. 

S,  0. 

3 

66.79 

81.11 

64. 98 

53-01 

66.47 

Oct.      1856;    May,l859 

2     7 

7m  2;  % 

Dr.  A.  R.  Kilpatrick. 

P.  0.  and  S.  I,  Vol.  1. 

4 

.. 

1858 

Assistant  Surgeon. 

Ar.  Met.  Reg.  i860. 

S 

68.00 

82. 1 1 

66.17 

54-50 

67.70 

July,     1844;    June,l84S 

Gr  9.,  3a  % 

Ar.  Met.  Reg.  1S60. 

6 

7 

67.25 

80.63 

1870 
1870 

0    ; 

7m2.,9»u, 

R.  S.  Jackson. 
H,  C,  Collins. 

s,  0. 

8 

70-55 

72.23 

58.81 

71.03 

Jan.      1822;    Mar.  1835 

4  10 

7m  2.  9. 

Assistant  Surgeon. 

Ar,  Met.  Reg,  1855, 

9 

66.94 

81.36 

66.25 

S"-"9 

66.44 

Jan.      1823;   Dec.  1845 

70.17 

S3.02 

70.94 

55- S6 

70.00 

Oct.     1824;   Dec.  1870 

15    8 

Ar,   Met.  Reg,  1S55  and  MS. 
from  S.  G.  0, 

78.98 

69,46 

49-75 

July.    1837;   JiTOe,i838 
July,     1832;    Apr,  1846 

Ar,  Met.  Reg.  1855, 

69.S4 

82.27 

70.09 

55-55 

69.44 

6     2 

'3 

64.27 

64.17 

48.47 

64.25 

1839;            184I 

3    0 

0.  2,,  0, 

Carpenter 

Sill   Journal. 

14 

71-53 

30,95 

59.30 

43-87 

63.91 

r8o8;            1S19 

Dr   Baiton. 

72,0s 
69-37 

82.04 

69.28 

P:S 

69.S0 
69.06 

8m  2.  8„ 

Rep  Brit.  Assoc.  1S47. 

Ar   Met,  Regs.  1855  and  i860, 

\l 

81.08 

69.80 

Jan.     1826;    Dec.  1870 

33     9 

Ass  St    Suig     D    T 

Lilhe    Dr    E     H 

MS  from  S.  G.  0.,Am,  Aim. 

Bartc  1  J  Ilimson 

1842   and  foil..  Printed  Slip 

E   L   Rnilat 

in  S    Coll.,  P,  0.  and  S,  I. 
Vol   I,  andS,  O.,  and  MS. 

17 

67-57 

79-33 

68.07 

55.80 

67.69 

'S33;           1850 

Baiton     Rep.  1S51. 

18 

69-17 

79.67 

69-57 

57.43 

68,96 

[849 

Rep  of  Board  of  Health,  1850. 

19 

70-37 

83-63 

69.40 

57-60 

70-25 

'1820 

3     0 
0     3 

oj  ol 

Dr    E    II    Lelle 

BarlcnsRep.  1851, 
S    Coll 

67.50 

8o.'io 

66.53 

53- '3 

66,81 

1833;           1850 

%:.± 

Voorhies 

Bartons  Rep,  1851, 

1856 

B,  R    UilTord 

P    n   and  S.  I,  Vol,  1, 

23 

65.23 

83.05 

47-43 

Dee,     1856;    Oct.    i860 

7m  2.  9. 

Dr   E   Me  nil 

P  0  indS,  I,  Vol,i,andS,  0. 

34 

1867 

7m  2j  %  bis 

Re^    A   K    leele 

25 

65.90 

78.67 

66.'27 

53.30 

65.78 

1S20;            1833 

13    0 

a^.o. 

Barton 

Birtoi=Rep,  1851, 

>  Previous  to  Jul 

,  1831, 

he  obser 

vations  we 

e  made  at  Fort  St.  Piiilip,  one  mile 

N,  W,  of  Fort  Jaclison, 

1  Corrected  for  d 

dly  vari 

tion  by 

he  Fort  M 

rgan  Table.                    *  In  t86o,  til 

e  observations  were  mnde  at  Moss  Grove  Plantation,  near  Trinity. 
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MAINE.                                                                                                          1 

Name  of  Statcon. 

3 

1 

i 

1 

1 

1 

<i 

3 

i 

9 

I" 
< 

1 

s 

2 

i 

,.  A.p.,.  .... 

44° 19' 

69''47' 

i9''.87 

27''.00 

32''.20 

38=.67 

50°.  30 

65''.6i 

68°.  65 

65°. 86 

60°.  39 

So'-SO 

42°.55 

21 -.58 

2.  Bangor      .... 

44  49 

68  45 

40 

21.87 

>7-57 

33-27 

41.01 

53-92 

62.73 

66.76 

64.51 

35.37 

21.07 

3.   Bath 

43  55 

69  49 

5° 

23.22 

23.32 

31-65 

41.86 

52.37 

61.32 

68.71 

66.06 

59.23 

47-74 

35.90 

25-10 

4.   Belfast      .... 

44  26 

6900 

15-58 

20.49 

28.74 

41.25 

54-21 

62.88 

68.34 

65-70 

58.43 

46-38 

36.08 

19-95 

5.   Bethel       .... 

44  20 

70  5' 

650 

14.10 

1S.6S 

26.63 

38.40 

49.62 

61.80 

67.27 

63.97 

S6.57 

47-12 

33-23 

22.68 

6.   Biddeford      .      .      . 

43  30 

7027 

45 

21.70 

25.01 

33-22 

42.89 

53.96 

67.02 

69-77 

60.55 

49- 7S 

38.49 

25-63 

7.  Blue  Hill      .     .     . 

44  25 

68  34 

50 

67.05 

8.   Brunswick     .      .      . 

43  54 

69  57 

74 

22.93 

3' -54 

42.56 

52.69 

62.29 

67.44 

65.60 

58V28 

47.78 

36.71 

24.86 

9.   Bucksport      .      .      . 
10.  Cacmel     .... 

4440 

68  4S 

9° 

24-57 

28.12 

34.85 

44.15 

55.86 

60.73 

74.08 

71.27 

63.59 

52-65 

40,69 

26,36 

44  47 

69C«= 

'75 

13-59 

14.48 

26.90 

39.32 

54-S3 

64.33 

72-35 

64.04 

55-03 

n 

33-91 

18.33 

n.  Castine     .... 

44  ^3 

6S47 

50 

21.41 

22.30. 

30.38 

50.53 

59-43 

64.82 

64.66 

58.39 

38.06 

25.57 

12.  Cornish    .... 

43  44 

70  5" 

784 

18.47 

21.J6 

28.32 

40.58 

52-53 

63-51 

68. 56 

66.05 

58.20 

45-92 

34.53 

21.77 

13.  Dennysville  .     .     . 

44  53 

67  14 

19- '3 

20.06 

29.06 

39.66 

50.42 

59-84 

65.67 

63-87 

55.67 

46.69 

35.76 

23.20 

14.  Dexter     .... 

45  02 

69  18 

650 

:^:i^ 

21.15 

39.34 

53.51 

63.12 

66.99 

66.76 

58.74 

46.25 

34-94 

15.  East      Eieter     {or 

45  00 

69  .0 

190 

19.99 

30-73 

42.15 

62.22 

67.30 

66.67 

57-5S 

Exeter) 

16.  Eastport  .... 

44  54 

6659 

40 

22.7 

28.8 

39-5 

48.2 

55.5 

63.8 

63-7 

56.a 

46.1 

35-7 

24.5 

17.  East  Wilton.     .     . 

44  36 

70  14 

37-05 

18.  Fort  Fairfield     .     . 

4646 

67  49 

415 

15VI6 

13.10 

24.40 

35-90 

47.70 

57.05 

62.S3 

64.70 

49-13 

39.92 

29-15 

12.53 

ig.  Fori  Kent     .     .     . 

47  15 

6835 

575 

10,76 

11.26 

23.26 

35-08 

46.78 

59.00 

62.51 

63-45 

51-18 

39-58 

27.52 

10.86 

20.  Fort  Preble  .     .     . 

43  39 

70  14 

3' 

22.54 

24.61 

32.62 

43.22 

5284 

63.31 

68.57 

66.64 

59.66 

49.14 

38.01 

26.88 

21.   Fort  Sullivan      .      . 

44  54 

6659 

70 

22.06 

23.23 

30.57 

40.11 

48.67 

56.24 

61.99 

63.23 

57.14 

47.73 

37.27 

25.56 

22.  Foxcraft  .... 

45  '2 

69  13 

31-83 

53.70 

59-7S 

66.70 

65.64 

55-03 

47.70 

23.  Fryebnrg."  .     .     . 

44  00 

71  04 

11.18 

15-93 

23-75 

45.08 

53-6t 

24.  Gardiiier  .... 

44  14 

6948 

■76 

17-94 

20.  ;z 

29.49 

41.24 

52.69 

63.^ 

68.64 

66.^7 

58-07 

46-58 

35.31 

22.14 

25.  Hampdon      .     .     , 

44  43 

6850 

iSo 

8  88 

21.00 

29.64 

43-78 

51.S8 

62.29 

63.21 

67.67 

56.75 

44-12 

30-30 

21.64 

26.  Hancock    Barracks 

(Houlton) 

27.  Hiram      .... 

46  07 

67  49 

620 

14.S7 

16.68 

27.09 

39.43 

51.18 

61.15 

64-73 

56.16 

43-71 

30.99 

18.60 

43  5' 

70  52 

400 

17.01 

1S.39 

28.23 

39.26 

51.4s 

61.33 

67.17 

64.11 

56.39 

44-54 

33..7 

20.91 

28.  Houlton  .... 

46  07 

67  49 

36.17 

61.25 

67.79 

66.74 

29.  Kennebec  Arsenal  . 

44  19 

69  46 

22.95 

15-51 

28.40 

40.74 

52.54 

64-59 

69.47 

6549 

58.91 

47,02 

37-25 

25-98 

3°-  I^e 

45  25 

68  18 

13.08 

21.62 

27.71 

41.85 

50.20 

64.14 

66,92 

65-34 

56.23 

45-16 

35.69 

22.45 

31.  Linneus   .... 

46  04 

67  58 

17.20 

63,90 

32.  Lisbon^    .... 

44  04 

70  07 

130 

1S.46 

22.67 

29-23 

4'-i5 

54.08 

63.53 

68.92 

67.24 

58.21 

47.62 

37.63 

22.66 

33.  Newcastle     .     .     . 

44  07 

69  36 

88 

44.06 

34.  North  Bridgeton     . 

44  02 

70  4B 

300 

14-05 

22.83 

^i'oo 

38.55 

5'. '62 

61.SS 

70.57 

65.65 

5S.'i7 

47-77 

34.25 

23-05 

35.  OldtownS       .      .      . 

445s 

68  40 

137 

16.24 

1J.17 

25.07 

37-38 

48.97 

58.75 

66.79 

63.88 

S5-49 

45-07 

32.49 

18.32 

36    Oxf.iJ^ 

44  qS 

7"  j3 

iS^ 

IQ06 

1S.15 

28.48 

40.35 

52.54 

64.44 

68. 94 

65.S7 

56.71 

44-63 

33.81 

20.72 

37    Bitten 

4fi  00 

6t>  27 

22.90 

35.23 

65.21 

52.63 

42.90 

38-35 

^S    Pembrcke 

44  55 

67  09 

40 

19.00 

3^-70 

40.50 

54- 15 

58.58 

62.50 

56.7S 

39    Perrj 

4500 

67  05 

1976 

23.17 

38.89 

49.11 

57-59 

63.29 

61-55 

55-67 

46.'2i 

35-62 

24.11 

40    Portland 

43  39 

70  15 

87 

1926 

21.46 

29-72 

40.05 

50.58 

60.27 

66.30 

64.68 

57-45 

45-39 

34.41 

23.85 

41     Portlands 

43  39 

70  i^ 

5" 

1946 

21.25 

29.89 

40. 1 2 

50.32 

60.31 

66.38 

64.59 

57.66 

46.27 

35-54 

24-35 

42     Prospect 

4428 

fS  46 

207 

30.93 

40.02 

43    Rumford 

44  30 

70  37 

600 

24.75 

24-77 

39.60 

51.85 

66.3S 

66.ix) 

67.35 

5443 

46V15 

37.55 

21-75 

44    ''aco 

4i  31 

70  20 

69 

21  oS 

21.29 

31.21 

43-69 

54. 2§ 

65.06 

70.31 

68.44 

60.93 

47.18 

37-i8 

25.34 

45    South  Thomabton 

44  °4 

69  OS 

2296 

24.96 

29.49 

39.12 

50.90 

63-37 

66.74 

63.84 

56.51 

48.63 

37.05 

21.03 

40    Stan  dish 

43  45 

7037 

19  Sg 

22. 18 

27.71 

41.5' 

52.84 

65. 18 

69.97 

67.33 

59.49 

44-74 

35-24 

22.28 

4.7    Steuben 

44  3' 

07  58 

SO 

19  10 

21.34 

28.52 

38.66 

48.74 

58.57 

63.73 

62.30 

55.65 

45.42 

35-8i 

22.75 

48    Surry 

44  30 

68  30 

50 

66.15 

68.53 

60.20 

50- IS 

38.28 

26,43 

49    Toj«liam 

43  54 

69  57 

1659 

«5V23 

31.49 

37-27 

47.92 

67.82 

37-56 

35-58 

19.31 

50    Vassalboio 

44  27 

6942 

1784 

19.01 

29.35 

40.57 

54.06 

64.92 

66.64 

S6.28 

46-53 

36- S3 

51    West  WalerviUe 

44  33 

6945 

250 

18  18 

21.89 

39.77 

43.10 

53.30 

65.10 

69-91 

67.09 

59.20 

46.15 

35-14 

22.78 

52    Williamsburg 

41;  21 

6q  o5 

1394 

16.68 

24.33 

38.29 

50.33 

61.55 

66.93 

63.59 

50.57 

45-05 

32-72 

53    Windhim 

4J  46 

70  2S 

'5  4j 

1 

20.70 

30.86 

57.89 

64.01 

68.93 

67.28 

59-14 

47.45 

34-56 

25^63 

Hours  of  observation  7„  I.  6„. 

Observations  corrected  for 

aily  variation  by  means  of  the  goiicral  table. 

Oils ervations  from  Dec.  1865,  t 

May,  1867,  at  Webster,  at 

out  three  miles  east  of  Lisbon. 

The  observations  for  1870  were 

made  at  Otono,  about  three 

miles  soHtheast  of  Oldtown. 
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MAINE. 

^ 

i 

1 

= 

SliRlRS. 

Extent 

Obsekving 

Orsekvek. 

REFERENCES. 

I 

1 

< 

% 

> 

Begins.             Ends. 

yrs.mos. 

HOUKS, 

, 

40°. 39 

66°.  7 1 

s^'-n 

22  =  .83 

45°.27 

Nov. 

1S49;   Mar.  1864 

I     2 

6„  \  % 

G.    R.    Erackett    and 

otliers, 
Yomig. 

P.it,  Off.  Rep.  1851  and  S.  0. 

2 

42.73 

64.67 

|..., 

1843;   J«ne,i86o 

I     2 

7    2  9 

S.  0.  and  Manuscript, 

3 

41.96 

65.36 

47.62 

44.71 

J^Ln. 

1832;   July,  1842 

10     7 

'tE^".?' 

John  Hayden. 

Am.  Aim.  1842  and  S.  Coll. 

4 

41.40 

65.64 

46.96 

18.67 

43- '7 

July, 

.859;    June,  1866 

4    3 

G.  E.  Brackett. 

P.  0.  and  S.  I.  Vol.  1,  MS.  in 

S.  Coil.,  and  S.  0. 

5 

38.23 

64.35 

45-64 

18.49 

41.68 

Jan. 

1861 ;    Feb,  1862 

I     2 

7„2.9,M. 

A.  G,  Gaines. 

S.  0. 

7 

43-3" 

69-33 

49,61 

24,11 

46,60 

J=m. 

1S48;    June,  1852 
1864 

4    5 

Q.liaO. 
7^2.  9,  M, 

J.  G.  Garland. 
H,  H,  Osgood. 
Prof.  P.  Cleaveknd. 

Am.  Aim.  1850. 
S.  0. 

8 

42.2& 

es'.'ii 

22.63 

44,40 

1807;   Dec.  1859 

51     3 

1 

Sm.  Con.  to  Knowl. 

9 

44-95 

68. 6g 

52.3' 

26.35 

48,07 

1849;   Feb,  1853 

4     2 

9„3. 

R,  Bucli. 

S.  Coll. 

40.35 

66.90 

44-74 

15.47 

41,87 

1852;   Jan,   1857 

4  10 

7m  \  % 

J.  J.  Bell. 

P.  0,  andS.  I.Vol,  1,  &S.  Coll. 

40. 7S 

62,97 

48.30 

23.09 

43.79 

1810;    Dec.  1849 

40    0 

Judge  Nelson. 

S,  Coll, 

12 

40.48 

66.04 

46,32 

20.47 

43-30 

Jan. 

1856;    Dec.  1870 

14  10 

7m2.9,y, 

G.    W.    Gupmi,     S. 
West. 

P.  0.  andS.  I,  Vol,  I,  and  S,  0. 

13 

39-71 

63-13 

4^.37 

3o.8o 

43.50 

Jan. 

1816;   Dec,  1855 

40    0 

max.  &  min. 

T.  Lincoln. 

S.  Coll. 

H 

39-09 

65.29 

46.64 

18.96 

42-65 

June, 

i860;   June,i863 

3    0 

7„2.9,«, 

B,  K,  Wilbur, 

S,  0. 

IS 

65.40 

Jan. 

1858;   Sept.  1861 

7^  2^  9, 

S.  Gilman,  J,  B.  Wil- 

P. 0.  and  S.  I.  Vol,  I,andS.  0. 

i6 

'7 

38.83 

61.00 

46.00 

22.40 

42.06 

Jan, 

1833;   Dec.  1834 
1861 

I     1 

7m  2„  9,  bi. 

li.  Reynolds." 

Am.  Aim,  1S36, 
S,  0. 

iS 

36.00 

61.53 

39-40 

13-60 

37-63 

Jan. 

1842;   Aug.  1843 

I    8 

Or  9j;  3«  % 

Ar.  Met,  Reg.  1855. 

'9 

35-04 

61.65 

39.43 

10,96 

36.77 

Jan. 

1842;   Aug.  1845 

3    ° 

42.89 

66,17 

48,94 

24,6s 

45.67 

1824;   Dec.  1870 

26     2 

7.  2.  9. 

Ar.  Met.  Reg.  1855,  and  MS. 
from  S.  G,  0, 

ai 

39-78 

60.15 

47.38 

23.62 

42-73 

Jan. 

1822;    Dec.  1S70 

23     9 

Or  9„  3.  9, 

64.04 

June, 

1863;   Mar.  1864 

0     7 

7di  2a  %  b\. 

M.  Pitman. 

S,  0. 

23 

40.S1 

1856 

0     5 

7m  2„ 

Dr.  E.  B,  Barrows. 

P.  0.  and  S,  1.  Vol,  I, 

24 

41.14 

66'.o6 

46.6S 

20.27 

+3-53 

Jan. 

1837;   Dec.  1S70 

30  II 

7m2.9.M. 

R.  H.  and  F.  Gardi- 

P.  0.  and  S.  I.  Vol.  1,  S,  Coll., 

and  S.  0, 
Am.  Ahn,  1S46, 

25 

41.77 

64.39 

43-72 

17.17 

41.76 

Aug. 

1843;   July,  1844 

I     0 

Or  9^  3,  9. 

J,  Herrick. 

26 

39-^3 

S3- 99 

43.62 

16,72 

40.89 

Jan. 

18     5 

7„  \  % 

Assit.    Su^.,    C.    H. 

Femald. 
G.  Wadsworth, 

Ar.  Met.  Regs.  1855  and  S.  0. 

27 

39- ^S 

64.20 

4467 

18.77 

41.82 

Jan. 

1831;            1864 

34    0 

max.  &  min. 

MS.  in  S.  Coll. 

28 

65.26 

1849 

0    5 

Or  9m  3i.  9a 

M.  Welch. 

S.  Coli, 

29 

40.56 

66,52 

47-73 

21.48 

44.07 

May, 

1857;   Aug,  1858 

7„  2.  9„ 

Assistant  Surgeon. 

Ar.  Met.  Reg.  i860. 

30 

39.92 

65-47 

45.69 

19.05 

4^.53 

June, 

1864;  Sept.  1867 

a  II 

7^2.9.^,, 

E.    Pitman,    B.     H. 

Towle, 
A.     G.    Young    and 

daughter. 
A,  P,  Moore,  A.  Rob- 

S.  0. 

3' 

Aug. 

1863-,   Jan.   1864 

0     2  ,     7„  2.  9. 

32 

41.62 

66.56 

47,82 

21,26 

44-32 

Apr. 

1859;   Dec.  1870 

8     5      7„2.9.,„ 

P.  0.  andS,  I,Vol,  I.  aiidS.  0. 

33 

1859 

0     '        7™  \  9„ 

C,  L.  Kichols. 

P,  0,  and  S.  I,  Vol.  1, 

34 

39-39 

66.02 

46,73 

19.98 

43-03 

1861 

Dr.  M,  Gould. 

S.  0. 

35 

37-14 

63-14 

44.35 

17.34 

40.47 

Jan. 

1849;    Dec.  1870 

6     5  ■  Gr'V3."9T 

Rev.   S.    H.    Merrill, 
M.  C.  Femald. 

P.  0,  and  S.  I,  Vol.  1,  S,  0,  and 
Manuscript, 

36 

40.46 

66,42 

45.0s 

19.31 

42.81 

Feb. 

i860;    Dec.  1870 

4    0      7„2^9.tu 

H.  D.  Smith,  G.  W. 

Verrill,  Jr. 
S.  Eveleth. 

s.  0. 

37 

44-63 

1S49;           iSso 

0     6    0^9„3«9i. 

S.  Coll. 

38 

42  45 

1862 

0      8    1    7m2.  9„»i. 

E.  Dewhurst. 

S.  0. 

i9 

38.94 

6o','8i 

45-83 

22.35 

41,98 

July, 

1849;    July,  1865 

14     '  '     7„  2,  9, 

W.  D.  Dana. 

P.  0.  andS,  I.Vol.i,  S.  0.,and 
Manuscript, 

40 

40.12 

63-75 

45-75 

21,52 

43,78 

15;            "852 

35     6 

O.N.S. 

Moody. 

Manuscript. 

4' 

40.  u 

63-73 

46.49 

43,00 

Jan. 

1820;    Dee,  .859 

37     3 

Ecckel,  II,  Willis, 

P,  0,  and  S.  I.  Vol.  1,  and  S. 

Coll. 
S,  0. 

43 

1S67 

0     2 

7„2.  9.tia 

V.  G.  Eaton. 

43 

38.74 

66.58 

46,04 

Oct, 

i856;   Apr.  1869  ,     I     2 

W.  PettingiU. 

43-06 

67.94 

48.43 

22.57 

45-50 

J"iy, 

1843;   June,l848 

5    ° 

7„  2.  7a 

.  M,  Balchelder. 

Am.  Aim,  1845  and  foil. 

45 

39-84 

64. 65 

47,40 

22.98 

43.72 

?49;         1855 

©r  9„  3.  9a 

.  Bartlett. 

P.  0.  &  S.  I,  Vol,  1,  &  S,  Coll. 

4& 

4069 

67-49 

46.49 

21-45 

44-03 

May, 

186s;   Jan.   1870 

4    0 

7m2a9»M. 

.  P,  Moulton. 

S,  0, 

47 

38.64 

61.53 

45-63 

21.06 

41.72 

1854;    Apr.  1870 

15     6 

,  D.  Parker. 

P.  0.  andS.  I,  VoLl,  andS.O. 

49.54 

1870 

0    6 

0.  H.  &  L.  S.  Tupp. 

S,  0. 

49 

38.89 

20,34 

Nov. 

1859;   Dec.  1861 

'     4 

W.  Johnson. 

P,0.andS.I.Vol,l,andS.O. 

50 

41-33 

64-58 

46-55 

19,32 

42,94 

1859;  July,  1863 

3     5 

J,  Van  Blascora. 

51 

41.69 

67.37 

46.83 

20.95 

44,21 

Dec, 

1863;    Dec.  1870'     7     1 

B.  F.  Wilbur. 

S.  0. 

52 

37.65 

64,03 

42,78 

t\ 

40.15 

June 

1863;    Dec.  1870  1     4    0 

E,  and  H,W,  Pitman, 

53 

42.43 

66.74 

47.05 

44,3s 

1849;    Feb,  1855        4     0 

Im  2^  9a 

S.  A.  Eveielh. 

P.  0.  &  S.  L  Vol.  I,  &  S,  Coll. 

1  Theo 

bservalions  for  1860-61  were  made  at  Norwny,  about  three  miles  northeast  of  Oxfor 

1. 

s  Obser 

.....„.„. 

1820,  to  Dec.  1852,  probably  included  in  the  preceding  series. 
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MARYLAND. 

Name  of  Station. 

id" 

§■ 

i ' 

i 

1 

1 

1 

1  Ul 

i 

■R 

^ 

i 

,j 

J 

2 

ffi 

,£, 

^ 

< 

S 

■^ 

-^ 

<: 

J^ 

6 

H 

fl 

I.  Agricultural  College 

38°S9' 

■,6-sT 

34°- 69 

39''.29 

46°- 37 

55°-82 

61°. 62 

3°-35 

n°-i3 

5°-22 

o=.67 

6i°.57 

47''-25 

40°- 55 

2,  Annapolis     .     .     . 

38  58 

76  30 

20 

33.85 

36.19 

41.85 

53,41 

63.73 

73-45 

77.83 

75.8s 

69.14 

56.87 

46-59 

37-80 

3.   Baltimore       .      .      . 

39  17 

7S  37 

80 

32.52 

33.<57 

41,45 

50,84 

62.38 

70.34 

75.61 

74-28 

66,5s 

54-29 

"14.35 

35-15 

4.   Baltimore       ,      .      . 

39  17 

76  37 

So 

33.10 

34.30 

43,40 

53.00 

63.20 

71-eo 

76.60 

74.50 

67.70 

55.80 

45-00 

37.80 

5.  Bladensburg.     .     . 

38  57 

7656 

75 

31.23 

33-62 

40,63 

51-54 

62.33 

71,66 

75.75 

74.25 

63.56 

54-31 

43-43 

33.84 

6.  Calvert           College 

(New  Windsor)  . 

39  3' 

77  06 

30.16 

34-95 

41,67 

75.12 

37.38 

7.   Catonsville*         (St, 

39  17 

7642 

500 

27.14 

27,63 

34.75 

48.47 

56.94 

68.'79      74.64 

69",o2 

66,36 

53V24 

44-39 

31-14 

Timothy's  Hall) 

8    Chestertown(Was]i 

CqU) 
a    Cumberland 

■i9  1. 

76.4 

81 

30.20 

33.SS 

41.10 

50,9s 

63-5' 

71.45 

75.81 

74-67 

69,00 

56.35 

45.7s 

36,04 

39  3" 

78  45 

27-75 

2S,43 

35-14 

45.38 

55-62 

66,89 

69.52 

67.14 

59,23 

46.91 

38.25 

29.83 

10    Elkton 

39  3^ 

75  50 

40 

70,7 

.. 

32-0 

39  43 

77  ^° 

498 

29.75 

3'. 15 

3l'-74 

49.56 

58.35 

69V05 

74.14 

71.93 

64-14 

50.93 

42,01 

30.34 

12    Eyne   Houie   (Mt 

Savage) 

3942 

78  52 

iSi8 

30.6 

25,3 

40.2 

51-9 

61,6 

64.2 

69.5 

70,7 

65. 4 

51-7 

32.9 

13    Fallstoo 

39  30 

70  24 

300 

68,70 

58.20 

46.63 

35.08 

14    FortMi-Henry 

39  !*• 

76  35 

33.00 

34.57 

42,27 

53.22 

63-54 

72,56 

77.3s 

75.34 

68.65 

56-75 

45.71 

35.93 

IS    FjrtSe^cin 

S^  SJ 

7"  20 

20 

33.34 

34.84 

43,96 

54.24 

64,82 

73,06 

78.33 

76.17 

69.02 

57.73 

46.90 

36,81 

j8  4-! 

;7  04 

60 

36.24 

38.57 

46,19 

56,22 

67,56 

76.02 

79-93 

76.97 

69-57 

59.13 

4703 

37.58 

17    Fredenck  City 

.>    4 

77  24 

2-4 

3'. 47 

33.6<) 

40,32 

50.67 

62.31 

71.76 

76.30 

"■■' 

65.96 

53.72 

44,60 

34.16    1 

18    Higerstown 

39  ^9 

77  4o 

71.45 

19    lathmus 

3845 

76  IS 

54.6 

78.4 

77.8 

58-2 

20    Leitersburg 

39  4z 

77  30 

28.46 

32,72 

41.45 

48.39 

60,81 

69.19 

73.05 

71.58 

63-58 

52.93 

39.98 

31-03 

31     Leonardtowa 

3817 

76  17 

39.10 

38.19 

49.92 

52-09 

64-25 

72.07 

75-44 

74-41 

69.61 

51.71 

44-25 

37.44 

Z2    Nottingham 

^842 

7('4o 

31-38 

46,53 

23    Port  Deposit 

39  37 

76  06 

.- 

74-21 

78.27 

24.  Ridge 

j8  06 

26.12 

43.'^8 

41.83 

49,90 

65- 51 

78.72 

84.12 

73.14 

59.25 

48,29 

34,60 

25     St    Marj's  City 

3?  10 

7b  28 

45 

35.24 

36-85 

42,72 

53.89 

61. 89 

72,64 

76.14 

78.'<x> 

70.50 

57.84 

47-23 

38.88 

26    SOiellman         HllL, 

39  25 

77  00 

700 

30,65 

32-13 

40.2S 

50-35 

62.19 

69,85 

73.28 

71.20 

65.13 

53-81 

43.34 

33.55 

(near  SvkesviUe) 

27    Union  Bndge 

39  34 

76  .. 

400 

-. 

28    Woodlawn 

39  39 

76  04 

30.51 

32.44 

38.97       51.57 

59.74 

71,3s :  75,24 

73.35 

66. '77 

53.11 

43.47 

32.30 

29    Woodstock   .     .     . 

39  19 

76  51 

400 

32.17 

MASSACHUSETTS. 

I.  Amherst  (College)  , 

42    22 

72  34 

267 

23.99 

23.31 

33.02 

44-77 

55.72 

65-07 

69.94 

67.73 

59-45 

47-33 

37-19 

26.14 

2.  Amhetst  (College)  . 

42    22 

72  34 

267 

22.91 

24,82 

3'-57 

44-28 

56.01 

65-29 

69-90 

67.21 

59.76 

38-55 

26.01 

3,  Aniiovec  .... 

42    33 

71   10 

24.54 

25,64 

33.27 

45.27 

55.95 

66.57 

70.66 

69.97 

61.28 

49.21 

37-44 

29.85 

4.  Baldwinsville     .     . 

42  37 

72  04 

S47 

17.97 

24,24 

29.25 

43.19 

55.55 

63,60 

68,19 

67,62 

59.36 

42.82 

37-84 

24.04 

5.  Barnstable     .     .     . 

41  42 

70  19 

30.23 

27.93 

6.   Bird  Island  .      .      . 

42  21 

71  01 

31.90 

68.90 

69,80 

56.31 

47.56 

40.85 

7.  Boston      .... 

42  21 

71  03 

'82 

26.38 

27.91 

35.35 

45,64 

55.83 

'^5- S3 

71.49 

69,01 

62.20 

51.04 

39-87 

29.96 

S.  Bradford  .... 

42  4G 

7'  05 

25.42 

30,26 

33.16 

46,98 

57.92 

64.91 

75.49 

70,74 

61.07 

54-59 

42,68 

36.9s 

9.   Bridgewater  .      .      , 

42  02 

71  00 

'50 

24.41 

26,70 

34.39 

43.97 

52.33 

64,32 

59.52 

65,29 

61.36 

49.96 

40.45 

29-31 

10.   Byfield      .... 

42  44 

70  56 

43.18 

53.97 

11.  Cambridge    .     .     . 

42  23 

71  07 

'60 

2S.99 

31. '18 

37-09 

47.99 

58,66 

67,26 

72.93 

70,91 

62.01 

51-57 

30-91 

42  23 

71  07 

60 

28.0 

30-7 

36-5 

48.5 

58.5 

68.5 

73.7 

72.5 

64-0 

50.7 

37-0 

31.5 

13.  Cambridge    .     .     , 

42  23 

71  07 

60 

22.50 

23-90 

32.90 

45-10 

5440 

66,10 

69.60 

69,40 

60.00 

50.10 

40,20 

'  Corrected  for  daily  variation  by  means  of  the  general  table. 

s  Previous  to  1865  the  observations  were  made  at  Oakland,  about  five  miles  S.  E.  of  Calonsville. 
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TEMPERATURE    TABLES. 


1 

^ 

1 
1^^ 

54"  60 
«33 

7571 

59°-83 
57-53 

38°.  1 8 
,35-95 

56".  60 
55.38 

5156 

73.4' 

55-07 

33- 7S 

53- 45 

5287 
5'  50 

74-23 
73-89 

56-17 
53-77 

35-07 
32.90 

54-58 
53.0= 

A'  72 

70.83 

54-66 

3:J5 

50.i1    j 

51  86 

73.98 

57.03 

33-27 

54-04 

45  3S 

67.85 

48.13 

2S.67 

47-5' 

4&22 

71.71 

52-36 

30.41 

50-67 

51  "3 
5301 

68.13 
7S.08 

53.80 
57-84 
57.04 

39-93 
34-50 

50.77 
54-91 

5401 

'& 

57.88 
58.58 

35-00 
37-46 

55.68 

57.5S 

5"o 

73-40 

54.76 

33-" 

53-09 

5022 

;;;.8 

52.16 

30.74 

51. 'o 

^5  42 

73-97 

55.19 

38.24 

55.71 

52 ''3 

75-59 

6o.=3 

58- W 

34-67 
36.99 

55.98 

^094 

71.44 

54.09 

33.11 

52-15 

5009 

7;.9. 

54.45 

3 ''.75 

52-30 

MARYLAND, 


Extent)  Obskrvin 


1853 


June,  1855;  Julj,  1S64 

Jan.  1859;  Dec.  1870 

Dec.  1843;  July,  1849  ; 

Nov.  1866;  Dec.  1870 


Oct.   1851;  jime,lS62 

Jan.   1858;  Sept.  1859 

1849 

1850 
May,    1856;   June,  1867 
Dec.     iS59i   Feb.  1870 
Jan.      1846;    Dec.  1865 


7„,  \  9.  bi. 
Or  9„  3^  9. 


Dr.  M.  Jones. 

Dr.  A.  Zumbroek,  &: 

W.  R.  Goodman. 
L.    Braiilz,    Dr.    Ed- 

mondsoii.  Prof.   N. 

M.  Meyer,  and  A. 

Zunibrock. 

B.  O.  i-owiides 

Nelson. 

G,  S,  Grape,  E.  L. 
Raidett,  F.  Reed, 
P.  Tabb,  and  L.  E. 
Cofran, 

Prof,  J.  R.  Diitton  & 

F.  Finch. 

E,  SmiUi,  aj>d  P.  C. 
H.  Jourdan, 


H.  E.  &  J.  K.  Hen- 
sliaw,  H.  M.  Eaer, 
and  Jones. 

Carter. 

R.  Banning. 

J.  E.  Bell. 

Dr.  A,  McWilliams. 

Dalrymple. 

Thorpe. 

T.  G,  Stagg. 

Rev.  J.  Stephenson. 

Miss  H.  M,  Eaer. 

\V.  Gillingham. 
J.  O.  McCormick, 
A,  X.  Valente. 


Printed  Joum,  in  S.  Coll.,  P,  1 
O.  andS.  X.  Vol.  i,  S.  Coll.,f 
and  printed  record, 

Pat.  Off.  Rep. 

P,  O.  and  S.  I.  Vol.  i,  and  S,  O.  | 

S.  Coll. 

P.  O.  and  S.I.  Vol.1,  and  S,0, 


MS,  in  S,  Coll. 

S.  O, 

Ar.  Met.  Regs.  1855  and  i860,  i 

MS,  from  S.  G.  O.,  and  MS.  \ 

in  S,  Coll. 
Ar,  Met.  Reg,  1855. 
Ar.  Met.  Reg.  1855,  and  MS.  | 

from  S.  G.  O, 
P,  O.  and  S,  I.Voi.  i,  S.  O.,  and 

S.Coll, 

S.  Coll. 

Manuscript. 

P.O.andS,I,VoLl,S.O.,ai 

S.  Coll. 
P.  O.  and  S.  I.  Vol.  I. 
S.  Coll. 

P.  0,  and  S.  I.  Vol.  r. 

P.  O.  and  S,  I,  Vol  I,  and  S.  O. 

P.  O,  and  S.  I,  Vol.  1,  MS.  ii 

S,  Coll.,  and  S.  0, 
S.  O. 


MASSACHUSETTS. 


4417 

43  95 

44  S3 
4233 

67.58 
67-47 
69.07 
66.47 

47.99 
49.00 

24-15 
24-58 
26,6s 
32,08 

44.39 

45  6r 

63.68 

5'-04 

28.08 

48.35 

45  69 
4356 

70.38 
66,34 

52.78 
50-59 

30.88 
26.81 

S:! 

4791 
4783 
4413 

70.36 
71-57 

51-57 
50.57 
50.10 

30.36 
30.07 
25-15 

50.05 
50.01 
46.94 

1836;  Dec.  r 

1854;  Dec.  I 

1798;  Dec.  I 

1863;  Sept.  I 
'854 

:843;  1844 

1806;  Apr,  1 


Apr.     1856;    June,i86i 

185 1 
Jan.      1742;    Dec.  1773 
July,     17S0;    Deo.  1783 
Jan,      1784;   Dec.  1788 


Prof,  E.  S,  Snell. 

French. 

Rev.  E.  Dewhurst. 

R.  R.  Gifford, 

Clark. 

J,  P.  Hall,  and  R.  T. 


L.    A.    Darling    anil 


rn.,  MS.  i 


MS.,  Ag'l.  Rep,,  and  S,  Coll, 

P,  O.  and  S.  I.  Vol.  1,  and  S,  O. 

Mem.  Am.  Acad. 

S.  0. 

P.  O.  and  S.  I,  Vol. 

ManuBCripl, 

Med.  and  Agr,  Reg,  1 

1, 1806-7,  Sili.Joun 

S.  Coll.,  P.O.  and  S,  I.  Vol. 

r,  and  Memoirs  America 
Phil,  Soc.  Trans. 
P.  O.  andS,  I.  Vol,  i,ajidS.  O. 

S.  Coll. 

Am.  Aim.  1837,  p.  176, 
Mems.  Am.  Acad. 
Am,  Aim,  1837,  p.  176. 


ere  partly  mad 
lied  for  daily  v: 


ioiuit  St.  Mary's  College,  about  one  1 
n  by  means  of  the  general  table. 


e  S.  W.  of  Emmcltsburg. 
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Falmouth 
Fitchburg 
Fortlndepenleii 

I  27  Futt  Sewdl 

I  28  Fort  W-irren 

I  29  Framingham 

30  Georgetown 

31  Gnftoti 

32  Harwich 

33  Hinsdale 

34  Ipswich 

35  KingMon 


2^    Lowell 

40    LuneDburgli 

Medfield 
43    Mendon 


50  North  Attleb"i. 

--  North  BiUenca 

Northampton 

53  PittsfieM 

54  Pkinfield 
5^  Prm^t„n 
gb  Richmond 

Roxbury 
_  ;    Silem 

59  Sandwich 

60  Southwiclt 
6t    Springfield 
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MASSACHUSETTS .— Continue  d . 


34°- 39     44°- 40 


42  30 

70  so 

42   19 

70  SI 

43  19 

71  26 

42  43 

71  00 

42  13 

71  41 

41  41 

70  0^ 

42  27 

42  4r 

70  50 

42  00 

70  48 

32.34 

37-75 
31.98  36.56 
29.44       35-5° 


55.3S 
S3-r6 


.    6i°,89    soo.iS    39''.28 


d  for  daily  variation  by  means  of  the  general  ti 


41.43 
41  59 
36.97 
38.35 


62.69 
61,13 
62.18 

50.19 
50.16 
50,68 

59.21 

59' 93 

s;^ 

61.13 
64.37 
64,13 
62.05 

50,20 
55.38 
55.36 
52.29 

57.29 
61.41 

46.62 
49.59 

63.07 
61,25 
60.99 
57.33 

51. IS 
49,11 

58.73 

49.16 
49-55 

63.40 
63.00 
59.40 

52.90 
51.36 
50.92 

50.43 

63.40 
60.53 

Ss? 

59,10 

47.30 

39.82 

43-43 
36'32 
39.90 
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T  E  M  P  E  R  A  T  U II E   TABLES 


MASSACHUSETTS.— Continued.                                                                                 j 

^ 

E 

1 

1 

S 

Series. 

Extent 

Observing 

Obseeveh. 

Refer  ENC-ns. 

^ 

^ 

< 

& 

>^ 

Begins.                Ends. 

yrs.mos. 

HOURS. 

14 

44°- 93 

69^47 

5o°.45 

26=.96 

47°- 95 

Jan.      1790;   Dec.  1870 

48     5 

7^  \  % 

Profs.    Farrar,   Bond, 
and  others. 

Am.   Almanac    1S37,    MS.    in 
S.  Coll.,  Am.  Almanac  1S43 
and  foil,  especially  1854,  and 

s.  0. 

P.  0.  and  S.  I.  Vol.  I. 

'5 

27.86 

Dec.    1856;   Jan.   1858 

0    6 

D.  H.  Ellis. 

16 

4('Vi6 

69.58 

52.68 

27.30 

48-93 

Jan.      1861,    Jnnc,i865 

3     4 

0.-  9„  3.  % 

W.  F.    Patton,  J.  L. 
Fox,  and  J.  Beale, 
Surgeons. 

MS.  in  S.  Coll.  and  S.  0. 

17 

^7-34 

May,    i860;    Mar.  1861 
1806 

:i 

'"g;I.v- 

Dr.  G.  M.  Morse. 
Ur.  J.  Hurd. 

,S.  0, 

Med.  and  Agr.  Reg.  Bosi.  Vol. 
I,  1806-7. 

■9 

37.49 

Dec.     1858;   Feb.  1859       0     3 

7q,  2,  9. 

A.  W.  Mack". 

P.  0.  and  S.  i.  Vol.  1. 

2 

42'.88 

68.08 

47-78 

23.71 

45-61 

Apr.     1S06;    Nov.  181S 
1849 

3     4 

Or  9m  3«  % 

E.   Iloyt    and   Hitch- 
Ritchie. 

Med.  and  Agr.  Reg.  Post.  Vol 

I,  1806-7,  and  Sill.  Journ. 
S.  Con. 

46.69 

70-73 

1849 

0    6 

Rice. 

23 

1861 

7™  2.^9.  x^ 

C.  C.  Terry. 

S.  0. 

24 

1863 

Dr.  N.  Karrows. 

25 

44. 9S 

68.06 

51-45 

37.01 

47.87 

Jan.      1861;    Nov.  1861 

G.  Raymond. 

26 

45-52 

68.47 

52.43 

28.60 

48. 76 

Jeui.      1824;    Dec.  1870 

26      7          7m  2a  9. 

AssislBiiE  Surgeon. 

Ar.  Met.  Regs.  1855  aivl  i860. 

and  MS.  from  S.  G.  O- 

27 

47.27 

48.12 

27.05 

Sept.    1864;   June,r86s 

MS.  from  S,  G.  0. 

43-83 

68.68 

51-85 

28.63 

48.25 

Oct.     1862;   Dec.  1S70 

7     8 

29 

44.14 

67.25 

47-95 

23.86 

45-80 

1843;           1852 

5  "> 

Gr  9m  3^  9„ 

Hyde. 

S.  Coll. 

30 

4324 

67.50 

48.37 

24.90 

46-05 

Feb.     1865;   Dec.  1870 

4    2 

1^\9^t.\, 

H.  M.  Nelson. 

s.  0. 

31 

42.17 

1861 

0    6 

Rev.  H.  W.  Scandl^n. 

32 

68.38 

1S47;           1848 

Q>,  N-  0. 

Brooks. 

Pat.Off.  Rep.  1851. 

33 

39''87 

66. 87 

44-87 

Z2'.83 

43-61 

July,    1868;   Dec.  1S70 

2    3 

7m  2,  9»  1,1. 

Rev.  E.  Dewhnrst. 

s,  0. 

47-5° 
42.30 

69.50 
67-37 

5'-37 
51-67 

32.33 
29,28 

I  S 

Rep.  Brit.  Asso.  1 847. 

35 

47-65 

u!y,    1866;   Dec.  1870 

7  J  K  V/tu 

G.  S.  Newcom'b. 

36 

42.21 

67.08 

48.74 

25.06 

45-77 

an.     1856;   Dec.  1870 

14    0 

J.  Fallon. 

P.  0.  and  S.  I.  Vol,  I,  and  S.  0. 

37 

39- 5^ 

64.18 

43.42 

20.49 

41.91 

an.     1837;   Dee.  1838 

Metcalf, 

Rep.  Brit.  Asso.  1847. 

38 

1806 

0    r 

'6\\' 

A.  Bigelow. 

Med.  and  Agr.  Journ.  Bost.  Vol. 

I,  1806-7. 
Am.  Aim.  1S48  and  foil. 

39 

4'1"79 

70.17 

50-99 

26.18 

48.03 

Jau.     1846;   Dec.iS52 

7    0 

7m  2, 

R.  and  J.  R.  Moor. 

40 

44-74 

67.71 

50.30 

26.52 

47-32 

Jan.      .838;    Dec.  1870 

33    0 

7m  2.  9, 

G.  A.  Cunningham. 

S.  Coll.  and  S.  0. 

41 

41.80 

68. 5 1 

50.79 

24-37 

46.37 

1849;           1853 

I    7 

Qr  9m  3.  9. 

Batche<ler. 

S.  Coll. 

42 

44-23 

67-23 

48.98 

26.53 

46.74 

Jan.      1S21;    Dec.  1832 

G.  2,  9. 

Sanders. 

Am.  Aim.  1834. 

43 

43-49 

67.57 

49-08 

25-15 

46.33 

Jan.      1S33;    Dec.  1870 

35    0     7„i.9.M, 

Dr.  J.  G.  Metcalf. 

Am.  Aim.  1843  and  foil.,  MS. 
in  S.  Coll.,  P.  0.  and  S.  I. 
Vol.  1,  and  S.  0. 

4+ 

43-89 

68.54 

50.16 

27.81 

47.60 

Jan.      1867;   Dec.  1870 

A,  K,  Tcelc. 

s.  0. 

45 

45-76 

68.56 

54-99 

34-78 

5 '-02 

Jan.      1S27;    Dec.  1853 

9     3         

W.  Milehell. 

MS.  in  S.  Coll. 

4& 

44-64 

67-37 

55-04 

33-54 

50-15 

Jan.      1854;    Mar.  1861 

6    3 

7m  2,  9, 

P.O.andS.  I,  Vol.1,  andS.  0. 

47 

44,80 

66.95 

52.27 

30.21 

48.56 

Oct.      1812;    Dec.  1870 

58     I 

GAO.'O, 

S.    Rodman    and    E. 

T.  Tucker. 

Sill  Joum.,  MS.  !n  S.  Coll.,  P. 
0.  and  S.  I.  Vol.  I,  S.  Coll., 
and  S.  0. 

48 

43-73 

68.08 

47.34 

25.43 

46.15 

May,    1864;    Dec.  1S70 

5     5 

7m  2„ 

T    H    r-ili    ell. 

s.  0. 

49 

42.45 

66.69 

49.96 

24,91 

46,00 

Mar.    1806;    Sept.  1868  ,     6      1 

L       H    I      Perkins, 

Med.  and  Agr.  Journ.  Boston 

Vol.  I,  1806-7,  P.  0.  and  S. 

I,  Vol.  I,  S.  Coll.,  and  MS. 

SO 

45.00 

69.95 

51-56 

26.25 

48.19 

1850;   Mar.  1857 

7      2 

7m  \  % 

H    Rce 

P.  0.  andS.  I.Vol.i,&S.  Coll. 

5' 

43.S3 

69.46 

49.37 

26.ro 

47.16 

Feb.     1866;    Dec.  1870 

4  " 

\\\ 

Pev    L    Na-:on. 

s.  0. 

52 

49-34 

1844;            1845 

0    8 

Plant 

Manuscript. 

53 

65-34 

45.8s 

1851 ;           1S53 

I     3 

6m  2.   lO, 

7„  9„  N  9j 

Be  lamn 

Manuscript  and  S.  Coll. 

54 

1857 

F   '^ha» 

P.  0.  and  S.  I.  Vol.  I. 

SS 

39.85 

65-56 

48.45 

20.77 

43V66 

Nov.    1853;   Dec.  1S57 

3     8 

7m  \  9. 

1    B    ols 

P.  0.  &  S.  I.  Vol.  1,  &  S.  Coll. 

56 

69.48 

49-27 

23.86 

46.71 

1851;   Dec.  1870 

14  10 

W    Bacon 

S.  0.,S.  Coll.,  and  P.  0.  and 
S,  I.  Vol.  I. 

57 

47-35 

71-32 

54-82 

1849 

0    9 

Gr  9m  3.  % 

Kent. 

S.  Coll. 

58 

46.19 

70.08 

51.39 

27-97 

48.91 

Jan.     1786;   Dec.  1828 

43    0 

8„N.0,lo, 

Dr.  Holyoke.- 

Am.  Aim.  1834,  1837. 

59 

45-42 

66.96 

5'-2S 

29.38 

48.25 

May,    1863;   Apr.  1865 

7„2,9„^, 

Dr.  N.  Barrows. 

s.  0. 

60 

45-oS 

1849;           1851 

fl..  0,..  1   q   ■  Holcomb. 

S.  Coll. 

61 

46.46 

71.40 
72.17 

50.72 
53-62 

26.24 

48.71 

Jan.      1S48;    Dec.  1866 
May,    1S54;    Mar.  1B56 

9  " 

7m  2   9 

L.    C.    Allin,    F.   A. 
Bre    e    J  Weather- 
heal 

A   S  hlegel 

P.  0.  and  S.  I.  Vol.  T.  S.  0., 
Manuscript,  and  S.  Coll. 

P.  0,  and  S.  I.  Vol.  i. 

63 

44-1!) 

67.71 

49-96 

26.93 

47-20 

Apr.      i86o;    Dec.  1870 

9    9 

7m  2^  9  t 

N    B    Bro   n    T    H. 
C-xIdv.ell     ai  I    A. 
M   M 

S.  0. 

64 

67.40 

47-30 

21.93 

Jnne,    1806;    Sept.  1S07 

'     3 

G. 

Med.  and  Agr.  Reg,  Bobl.  Vol. 

I,  1806-7, 

1 

6    September,  1874. 
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.  MASSACHUSETTS.— Continued. 


1 66.   West  Denis  ,      .  . 

0  67.  Westiield       .      .  . 

1 68.  Westficld       ,      .  . 

69.  West  Stockbridge  . 

70.  Weymouth    .     .  . 

71.  Williamstown  (Will. 

Coll.) 


45-75 
47.90 


63-99 
65-56 


60.77 
60.39 
59-57 


37  "-78 
3S.'95 


25".  27 
32.04 


;.  Aim  H    Ix 
[.   Batlle  C  eek 


8.  Clinton 
I.  Coldw    e 
I.  Coopers 


14.  Eagle  R    e 

15.  Eureka  Valley 

16.  FUnt 


20.  Fort  Madunac 

21.  Fort  Wnyne 

22.  FortW   Lns 

23.  Grand  Haven 


125.  Holland  ,     .  .  . 

26.  Homestead   ,  , 

27.  Jackson    .     .  .  . 

28.  l/ake  George  .  . 

29.  Lansing  (State  Agr. 

Coll.) 

30.  Laphamsville  .  . 

31.  Litchfield  .  .  . 
33.  Macon  .  .  .  . 
33.  Mandiester  .  .  . 


41 58 

42  19 

84  II 

^j  44 

42      2 

44  37 
4    06 
46  '^2 

86  08 
336 
^  54 

45  51  84  40 

S3  05 


46.65 

47- SS 

iz 

44. 55 
44-63 

58.19 
59- iS 

36-50 
34.02 
44.08 
46.32 

45-09 

48,'i8 
56-79 
57-75 
54-55 

31.S5 

46.70 

4342 
46.18 

54-73 
56.09 

38.63 
35-73 
4S.07 

49-50 
51-25 
S9.SO 

38-39 

49.67 

44.30 

54,26 

37-3^ 

48.18 

38.07 
45.25 

59.83 
48.42 
56,08 

63.05  .  50-49 
63.46  49.61 


54.31 

69.90     62.86 

65,85  ■  61.35    50.40 


69-95 
69.60 

65.32 
69,11 

68.16 
66.80 
74.12 

6i.o8 
64.78 
70-93 

65-50 

63.10 

69.S1 

67-95 

64.90 

64.17 

74-32 
63-55 
70.12 

7S-ro 
62.17 
70.27 

73-59 

6S.38 

70.48 
67.13 

65. 82 
62.09 

66.15 

66.69 

70.6s 

67-43 

69.50 
72.74 

66.24 
67-45 

66.60 

66.65 

39.79 

43-67 

45-75 


4^.73 
35-63 
34-58 


29-63 
29-33 
36.92 


53-49 
42.91 
49-83 


I  Obsefvations  after  1844  were  made  at  W 
'  Observations  corrected  for  daily  variatior 
*  The  names  of  the  observers  from  1839  tc 


it  Newton,  about  two  1 
by  means  of  the  gener 
1859  arc  not  given. 
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MASSACHUSETTS.— Cominued. 

1 

^ 

B 

e 

c 

^■ 

Series. 

Extent 

OllSERVING   '                 ObSEEVKE 

References. 

1 

1 

1 

g 

1 

Beg 

ns.             End5. 

■ts.mos. 

HOURS. 

65 

44°.  83 

i^-.27 

49°.  68 

6".  56 

47.  "61 

Jan. 

1837;    Dec.  1S70 

.0  .        . 

Assist.    Surg.,   and  T. 
H.  Bixby, 

Ar.  Met.  Reg.  1S55,  and  S.  O. 

66 

1864 

0       2         7„2„9.ii. 

E,  Tappan, 

S,  0. 

67 

48.81 
44.66 

70-59 
67.04 

50.20 

29.36 

49-74 

Dove,  1857. 

P.  0.  and  S.  I.  Vol.   I,  S.  0., 

68 

48.81 

46.39 

Nov. 

'1824";'  May,  l856 

12     II     I 

1 

Rev.  E.'  Davis! 

Sill.  Joum.,  and  Manuscript.  B 

69 

June, 

1849;   Feb.  1855 

7m  \  % 

P.  0.  &  S.  I.  Vol.  1,  &  S,  Coll.  1 

70 

43-19 

66.'74 

50.7! 

28.42 

47.27 

May, 

1856;   Jan.   1859 

i 

Dr.  N.'  b.'  Tinell. 

P.  0.  and  S.  I.  Vol.  I. 

71 

43-44 

67.25 

47.36 

23.28 

45.33 

Jan, 

1816;   Dec.  1870 

36    8 

7m  2.  % 

Profe.  C.  Dewey  and 
E,  Kellogg,  A.  Hop- 
kins and  others. 

MS.  communicated  to  S,  I.  by 
E.  W.  Morley,  P.  O.  and  S. 
I.  Vol.  I,  and  S.  O, 

72 

45-73 

69,25 

54.09 

31-95 

Aug. 

1852;   Apr.  1855 

R.  R.  Gifford. 

P.  0.  &  S.  I.  Vol.  I,  &  S.  Coll. 

73 

45.0! 

68.16 

49.96 

25.67   ' 

47.20  ; 

■ 

Jan. 

1839;   Dec.  1870 

31     9             ' 

H.  C.  Prentiss,  F.  H. 
Rice,  J.  Draper.* 

Am.  Aim.   1842  and  foil.,  P. 
0.  and  S.  I.  Vol.  I,  S.  O., 
and  Rep.  Brit.  Assoc.  1847. 

MICHIGAN. 

J 

44.26 

1S70 

0    6 

7^,\%v., 

s.  0.                              i 

^ 

45.74 

70.23 

50-47 

22.97 

47-35 

June, 

1852;   Dee.  1S70 

4  10 

7m  2^  9. 

L.  Woodruff,  Prof.  N. 
C.  Winchell  &  wife. 

P.O.  andS.  I.  Vol.1,  S.O.,&| 
S.  Coll. 

3 

45-64 

71.71 

50-43 

26.26 

48.51 

Mar. 

1849;    Dec.  1859 

10    9 

D.  W.  M.  Campbell. 

P.  0.  &  S.  I.  Vol.  I,  &  S.  Coll. 

4 

44.15 

23.85 

1870 

0    7 

7„2.9.»,i, 

W.  Wilson. 

S.  0. 

5 

Mar. 

1853;    Mar.  1854 

0    4 

7m  \  % 

Dr.  M.  K.  Taylor. 

P.  0.  and  S.  I.  Vol.  1. 

6 

4l'.62 

17.53 

J"iy. 

1S64;   Apr.  1865 

7„2„9.^„ 

Dr.  E.  Ellis. 

s.  0. 

7 

ig 

61.38 

40.56 

14.50 

37-75 

May, 

1867 ;   Dec.  1870 

3    7 

G.  H.  Whittlesey. 

8 

46.24 

27.9S 

1850;           1852 

0. 9„  3.  9. 

Wain  Wright. 

S.  Coll.                                         1 

9 

44.01 

68.68 

47.44 

29.15 

47.32 

Jiiy, 

1868;   Dec.  1870 

2    6 

7m2.9.w. 

N.  L.  South-worth. 

s.  0.                              1 

43-35 

70.36 

48.81 

24.63 

46.84 

1854;   Mar.  1867 

7    I 

Mrs.  0.  C.  Walker  & 
Dr.  M.  Chase. 

P.  0.  and  S.  I.  Vol.  1,  and  S.  0.  1 

11 

32.20 

61.30 

40-43 

10.87 

35.20 

Dee. 

1855;    Aug.  1S57 

I     9 

7„  2.  9. 

C.  S.  Whittlesey. 

MS.  in  S.  Coll.  and  P.  0.  and 

S.  I,  Vol.  1. 
Army  Register, 

13 

43-98 

66.70 

48.25 

23-50 

45.61 

1836;           1839 

3     9 

Assistant  Surgeon. 

13 

45-46 

68.05 

48.82 

26.61 

47.24 

Apr. 

1836;    Dec,  1867 

30    3 

Various  observers. 

Ar,  Met,  Regs.  1855,  S.  Coll., 
U.  S.  Lake  Survey,  MS.  and 
Rep.  of  1867  and   1868,   P. 
O.andS.  I.  Vol.  I,  and  S.  0. 

u 

35-69 

63-57 

43-82 

'3-30 

39-09 

Dee. 

i8s5;  Dec.  1856 

7m  2„  % 

Mrs.  M.  A.  Goff. 

P.  0.  and  S.  I.  Vol.  I. 

15 

36-99 

63-55 

40.06 

19.65 

40.06 

Jan. 

1862;   Feb.  1864 

'     5 

7ra  2^  9s  bi= 

W.  Van  Orden. 

s.  0. 

16 

47-OI 

70.65 

50.12 

22.53 

47.58 

Jan. 

1S54;   Dec.  1855 

7.>.9. 

Drs.  D.  Clark  and  M. 

Miles. 
C.  N.  Turnbull. 

P.  0.  and  S.  I.  Vol,  i. 

'  '7 

.. 

1858 

0    2 

6m  %,  3a  6^ 

MS.  from  U.  S.  Lake  Survey. 

i  18 

37.61 

62.72 

43-74 

18.02 

40.52 

Jan. 

1823;    Dec.  1S70 

32    1 

7m  2.  9i 

Assistant  Surgeon. 

Ar.  Met.  Regs,  1855  and  i860, 
and  MS,  from  S.  G.  0. 

'9 

43-76 

67.  iS 

49.02 

26.00 

46.49 

Apr. 

1830;    Aug.  1859 

'7    5 

Assist,  Surg.  &  Lieut. 
C.  N.  Turnbull. 

P.  0.  and  S.  I.  Vol.  i,  Ar.  Met. 
Reg.  1855,  and-  U.  S.  Lake 
Survey,  and  MS. 

20 

37.06 

62.26 

44.92 

19.84 

41.02 

Sept 

1825;    Apr.  lS5l 

27    6 

Assistant  Sui^eon. 

Ar.  Met.  Regs.  1855  and  l86c^ 
and  MS.  from  S.  G.  O. 

71,46 

51.95 

33-34 

May 

1862;    Feb.  1863 

MS,  from  S.  G.  0, 

38-47 

60.80 

42.96 

21.78 

41.00 

June 

1844;   June,  1846 

©r  9m  3,  % 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

23 

44.77 

68.50 

49.40 

26.69 

47-36 

Sept 

1859;    July,  1863 

3  II 

7„  2.  9. 

H.  Siuier. 

U.    S.    Lake    Survey,    Rep.    of 

1867. 
P.  0.  and  S.  I.Vol.  1,  S.O.,and 

24 

44.69 

69-75 

48.53 

24.52 

46.90 

1849;    Dec.  1870 

11     3 

7m  2.9.1,1, 

A.  0.  Courrier.L.  H. 

Strong,  E.  A.  Strong, 

S.  Coll, 

&  Dr.  E.  S.  Holmes. 

:  25 

43-66 

67.44 

47.88 

26.49 

46.37 

Juno 

1856;   Dec.  1870 

8     3 

L.  H.  Streng. 

P.  0.  and  S.  1,  Vol.  I.  and  S.  O. 

1  26 
!  27 
28 

39-59 

64-95 

47.89 

23.54 

43-99 

Jan. 

1S65;   Feb.  1870 
1865 
'859 

2     9 

G.  E.  Steele. 
Dr.  F.  M.  Reasner. 
Capt.  A.  W.  Whipple, 
and  E.  Perrault. 

S.  0. 

P.  0.  and  S.  I.  Vol.  1. 

29 

45-20 

6S.43 

47-63 

24.96 

46-55 

Dec 

1858;   Dec.  1870 

7     3 

7„  \  9»M, 

J.C.IIolmes,C.Abbe, 
and  R.  C.  Kedzie. 

30 

45.86 

66.61 

49.69 

29.23 

47.S5 

Dec 

1850;   Nov.  1851 

Wetmore. 

Pat.  Off.  Rep. 

31 

43-18 

69.14 

47-75 

23.0a 

45.77 

July 

1866;   Dec.  1870 

4    6 

7„  2.  9.  hi, 

R.  BuUard. 

S.  0. 

32 

1S70 

D.  Howell. 

33 

es'.oS 

186S 

0    4 

Dr.  F.  M.  Reasner. 

'  The 

observations  in  1864  were  made  at  Garliek,  about  two  miles  east  of  Caip  Lake  Mir 

6  The 

observations  in  i 

S66-7  were  made  at  Kalamazoo,  about  five  miles  west  of  Cooper. 

6  Obs 

rvations  corrccte 

for  daily  variation. 
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MICHIGAN 

— Continued. 

1 
1 

Name  of  Station. 

3 

1 

710 

i 

i 

1 

<; 

E 

1, 

i 

1 

3 

i 

fi 

34.  Mari^uette     ,     .     . 

46-32' 

87=35' 

is-.es 

17°, 92 

25=.74 

37°- 72 

49°.  22 

9°.  89 

5.0s! 

4''-72 

6°.66 

IS'-oo   32°-73 

32°.  13 

35    MillPomt      .      .      . 

43  06 

86  10 

20,62 

2270 

29.57 

42.93 

50.82 

63,71 

65,82 

64,7s 

56-07 

47-15 

34,01 

26,37 

35    Mon,od         .      .      . 

41  S^ 

S3  27 

551 

25.60 

23:85 

3S-19 

46.78 

57.35 

68.19 

73.04 

70,55 

61.11 

49.47 

38.83 

28.03 

37    M,i=ke^on      .      .      . 

43   '5 

S6  16 

29.79 

37.92 

32.60 

50.22 

63-35 

67.48 

76,44 

73.47 

67-93 

46.69 

3S.37 

29.  S3 

:;8    Newark          .      .      . 

42  30 

86  OQ 

46.62 

39    New  BuffiUo       .      . 

41  50 

661 

29Vr4 

34.94 

38.09 

46.34 

58.01 

67.38 

71,19 

68.77 

61,57 

50.22 

38.'i2 

28.64 

40    Northpoit*    ,     .     . 

45  oS 

8s  40 

S92 

23.54 

22.08 

26,21 

39.23 

50,00 

60,40 

68,30 

64.18 

58.78 

47.09 

36,75 

25.77 

41.  Old  Mission .     .     . 

44  45 

85  30 

5oo 

50. 88 

57.85 

67,23 

66,40 

63-15 

39,18 

4653 

8930 

620 

l5*.4i 

15.57 

21,80 

36.91 

48.26 

59-49 

64.89 

63.50 

55.98     43-79 

33-25 

20,^6 

43.  Otsego      ..... 

42  30 

85  42 

27.95 

31-03 

34.99 

45-53 

54-34 

65-31 

70.33 

67-35 

61.99 

47-45 

40-83 

30.83 

47  20 

88  IS 

17.70 

19-35 

34.30 

48.03 

45.  Pleasanton    .     .     . 

44  29 

86  10 

750 

21.79 

20.40 

25-56 

40.05 

55-16 

66,51 

63,69 

5S-44 

39.41 

30-47 

25.75 

46.  Pontiac     .... 

42  40 

S3  21 

92; 

21.49 

26.28 

34-09 

45.28 

57-47 

68,24 

68.81 

68,20 

56,98 

44-87 

36.77 

25-55 

47.  Portage  lake^    ,     . 

47  :o 

88  37 

670 

10.9 

14.2 

26.7 

36.8 

46.  S 

63,4 

62,4 

48.  Port  Huron  .     .     . 

42  58 

83  27 

606 

29.0S 

24.39 

35-62 

43.2S 

52.89 

64,85 

71.90 

68.80 

63-63 

49-32 

35-07 

31,26 

49.    Redford  Centre 

42  25 

83  20 

650 

67.80 

69.70 

69-95 

50.  Romeo     .... 

42  44 

S3  02 

714 

u'^i 

14.86 

24.83 

45.79 

54-23 

68.46 

72,68 

66,79 

59.S7 

49-94 

35.S0 

22.30 

51.  St.  Wes      .     .     . 

52.  St.  Mary's  River     . 

45  44 

8500 

S96 

20.36 

15.48 

24.64 

39-04 

50.35 

59.65 

66,53 

66,55 

59,60 

47.87 

35.48 

24.76 

4620 

84  10 

S8S 

55-59 

53.  Saginaw  .... 

43  27 

650 

37.19 

41.39 

53.30 

60.57 

54.   Saugatuck     .     .     . 

42  40 

2303 

32.31 

3'-9i 

49-35 

55-57 

65.23 

75-04 

73,09 

68.'oo 

54.56 

4'.93 

29,89 

55.   Sault  de  St.  Marie  . 

46  29 

84  29 

600 

19.45 

18.SS 

27.90 

40.45 

49.90 

60.70 

64.90 

63.90 

55.60 

30,70 

32,95 

56.   Sugar  Isknd       .      . 

46  29 

8420 

574 

20.05 

2!.73 

28.22 

33-48 

33.60 

22,  J9 

57.   Tawas  City    .      .      . 

44  16 

83  31 

583 

21.56 

23.67 

30.30 

39.80 

50.75 

62.03 

67.49 

66.68 

58.88 

48,06 

36.S9 

25.91 

58.  Thunder  Bay  Island 

45  02 

83  17 

eio 

23.29 

22.67 

27.72 

3r-H 

47.02 

57,12 

64.19 

65.36 

58.29 

46.73 

36.41 

26.71 

59.  Woodmere    Cem'ry 

{neiu^  Detroit)       . 

42  20 

S3  03 

562 

22.68 

23.43 

30.30 

48.69 

60.98 

68,36 

72.98 

70.99 

66.00      53.04 

38.33 

27,00 

60.  YpsilanCi.     .     .     . 

42  15 

8340 

750 

24.42 

26.73 

34- '9 

44,56 

5  8. 16 

65.30 

70,03 

68,95 

58,81      48,62 

37-61 

28.10 

MINNESOTA.                                                                                          | 

I.   Afton 

44  53 

92  50 

950 

11.73 

14,77 

20.17 

4>.88 

5f-09 

66,12 

70.23 

66.05 

59.85 

42,53 

32.43 

14.99 

2.  Alexandria    .     .     . 

45  52 

95  22 

1225 

12,48 

3.   Beaver  Bay  .      .      . 

47  12 

91   18 

1370 

13.87 

14-37 

22.36 

36.22 

47.02 

55-92 

62,03 

61,62 

52,76 

41.56 

30,95 

16,32 

4.  Beaver  River  Valley 

47  " 

91    25 

95° 

31-18 

51.33 

61.08 

63.13 

59-90 

48,95 

5.  Bowles'  Creelt   .     . 

44  55 

92  55 

650 

g.'so 

6.  Euclianan      .     .     . 

47  33 

92  00 

10.50 

30.32 

37.73 

49.85 

25,44 

7.   Burlington     .      .      . 

4701 

91  42 

645 

17.57 

•til 

29.86 

34,86 

47,09 

55-91 

62,52 

63,04 

54,38 

41,63 

38.69 

8.  Cass  Lake     .     .     . 

47  30 

94  3r 

1450 

;  13-12 

60,31 

60,94 

43- 9S 

3-61 

g.  Chatfield  .... 

43  SO 

92  14 

goo 

14.98 

30.63 

32,65 

46.17 

56.48 

64.91 

71.27 

69.36 

57.24 

46,48 

33-82 

12.31 

10.  Clearwater  Lake     . 

45  12 

94  06 

975 

65.31 

U.   Danville  .... 

s'-o3 

13-47 

35.'i7 

38.54 

67-36 

12.  Fond  du  Lac     .     . 

46  ■;8 

92  03 

660 

14,97 

20.27 

30.05 

33.  So 

48,09 

61.53 

63.91 

43-55 

37-93 

12.19 

13.  Forest  City   .     .     . 

45 " 

94  30 

10.18 

15.60 

27.S7 

43-35 

57-06 

69,  Ss 

66,89 

57-S3 

44.79 

30.21 

15.47 

14.  FortRidgeley    .     . 

44  3° 

94  45 

1230 

10.70 

14.80 

25.89 

43.69 

593' 

6872 

73-52 

69,62 

60.85 

47-37 

31-24 

,6,05 

15.  Fort  Ripley  (Gaines 

4S 10 

94  24 

1 130 

7.41 

11.89 

23-98 

40.82 

54.S0 

65,97 

70,50 

66,1 8 

55.52 

44,77 

28,26 

11.08 

16.  Fort  Snelling     .     . 

44  53 

93  10 

13.23 

'7-25 

29.96 

46.05 

59-35 

68,92 

74,04 

70.19 

59.31 

47,27 

31.78 

16,90 

17.  Grand  Portage  .     . 

47  so 

89  50 

46.73 

54.20 

59-45 

59-15 

50-15 

18.  Hastings  .... 

44  44 

92  54 

70,50 

68.55 

59.07 

46.32 

30.23 

21,80 

19.  Hazlewood          (01 

"  Oomahoo") 

20.  Hennepin  Co 

5.92 

9-43 

20.48 

4(I.'lS 

SS-81 

72,93 

69.03 

56-93 

47,20 

29.33 

17.54 

4S  00 

93  20 

II. 6 

23,0 

24.1 

41 -3 

58.0 

67,1 

66,5 

67.2 

67-3 

47.7 

38,4 

9-3 

21.  Itasot 

45   l6 

93  32 

8^6 

3.85 

17.12 

27-32 

44.77 

50.15 

69,60 

67.25 

29-85 

14.95 

22.  Kandotta 

45  45 

94  55 

8,25 

".75 

23.   Koniska   .... 

45  10 

94  10 

13-17 

"'" 

43.38 

57-12 

63-'i5 

68*,24 

62,58 

57-58 

40.07 

30.40 

16',  86 

1  This  seri 

s  inchides  observations  made  in  '. 

ecemher  at  Brest, 

about  liv 

miles  northeast  of  Monroe, 

=  This  seii 

s  includes  observations  made  in  t, 

larch,  1862,  at  Gr 

nd  rrav 

rse  Lt.  Ho,,-  about  live  miles  northeast  lif  Northport. 
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MICHIGAN— Continued.                                                                                1 

g' 

i 
1 

i 

1 

i 

Series.                 Extejst 

Observing 

Observer 

Refekences. 

34 

1 

4 

1 

Begins.           Ends.         yrs.mos. 

HOUKS. 

I'-S^ 

3°-Z3 

4°.  80 

9''-57 

4i°.29 

Sept.    1857;   Dec,  1867 

10    4 

7„  2„  9„ 

H.  S.  &  F.  M.  Bacon, 

U.   S,    Lake   Survey,  Rep.   of 

P,    White,   and    G, 

1867-8,  P.  0.  and  S.  L  Vol. 

H,  Baker, 

i,  and  S.  0. 

35 

41.11 

64.44 

45-74 

23-23 

43.63 

July,    i860;   June,  1862 

7„.  \  9„  bi. 

L,  M.  S.  Smith. 

S.  0, 

36 

46.4^ 

70-59 

49.80 

25.83 

48,17 

Jan,      1849;    Dec.  1870 

"     9 

1.  Lane,  H.J,  and  F, 
E,     Whelpiey    and 
others. 

U,    S.    Lake    Survey,    Rep.    of 
1867-8,  P.  0,  and  S.  I.  Vol. 
i,,S.  0„andS.  Coll. 

48.72 

72.46 

51,QO 

29.18 

50.34 

Oct.      1868;    Aug,  1S70 

H.  A,  Pattison. 

S,  0. 

.856 

7„  2,  9^ 

I,.  H,  Streilg. 

P,  0,  and  S,  I,  Vol.  1, 

39 

47.48 

59-11 

49.97 

27.57 

48.53 

Jan,      1858;   M.iy,.852 

7m  '.  % 

J.  B,  Crosby, 

P.  O.andS.  I.Vol,  I.  andS.O. 

40 

38.48 

64.26 

47.54 

23.46 

43-43 

Mar.     1862;    Dec.  i8;o 

4     8 

7„  \  %  ,i. 

Rev,  G.  N,  Smith,  & 
H,  R.  Shetterly. 

s.  0, 

41 

63-83 

.S69 

0     6 

C,  P,  Aveiy. 

42 

35-'66 

6Z.63 

44.34 

17.48 

40.03 

Aug.    1859;   Dec.  1870 

"      5 

H,     Shelby,    H.    B. 
Smith,&Dr.E.  Ellis, 

U,    S,    Lake    Survey,   Rep,   of 
1867  and  1868,  and  S.  O. 

43 
44 

4^-95 
3389 

6;.65 

50.09 

29.94 

48,16 

Apr.     1867;   Sept.  1870 
1869 

0     ^ 

Dr,  M.  Chase  &  wife. 
R.  H.  Griffith. 

s.  0, 

45 

40.26 

63-71 

42.77 

22'.65 

4235 

Mar.     1869;    Aug.  1870 

J,  D,  Millard, 

46 

45.61 

68,42 

46.21 

24.44 

46.17 

Mar.    1864;   Aug.  1865 

I     6 

J,  A.  Weeks. 

47 

36-77 

Jan.      1854;    Aug,  1862 

0     7 

0rN,   0, 

C.  H.  Palmer  and  J. 
B.  Miiiick. 

MS.  in  S.  Coll,  and  S.  0. 

48 

43.93 

68.52 

49-34 

28,24 

47-5' 

May,    1857;    July,  1859 

7„  2a  % 

J,  Allen. 

P.  0,  and  S,  I,  Vol,  I. 

49 

69-15 

1861 

0    3 

7m  2„  9,  1,1, 

Dr.  C.  S,  Smith. 

s,  0. 

50 

41.62 

69.31 

48.54 

16.80 

44-07 

Jau.      1856;    Mar.  1S57 

7u,  '.  % 

D,  S.  L.  Andrews. 

P.  0.  and  S,  I.  Vol.  1, 

51 

38.0. 

64.24 

47.65 

42,53 

Sept.   1852;   May,  1856 

3    3 

7„  2.  9„ 

I  J.  Strong, 

52 

1859 

53 

43.96 

1849 

0    4 

Ot  9m  3.  % 

S.  Coil. 

54 

45.61 

70-78 

54-83 

25.08 

49-08 

Feb.     1854;   May,  1856 

7m  2.  9„ 

L,  H.  Streng, 

P,0.andS.LVol,l. 

SS 

39-42 

62.83 

42.97 

20.32 

4.-38 

Sept.   1823;   June,i8a5 
Nov.    1863;   Apr.  1868 

Col,  Cutler. 

MS.  in  S,  Coll, 

56 

21.52 

7m  2a  9a  M. 

I,  W.  Church  and  J. 

MS.  from  U.  S.  Lake  Survey, 

'    W,  Paxton, 

and  S,  0, 

57 

40.25 

65.40 

47-94 

23.71 

44.33 

Sept.    1858;    Dec.  1867 

9    4 

'-"•'•  '■^SJSi.''-''- 

U.    S.    Lake    Survey,   Rep.    of 

58 

37.29 

62.19 

47.14 

24.22 

42,71 

Aug.    1858;   Dec.  1870 

9     3 

;  J,  W.Pa)Lton&  others,  I  Survey  of  N.  and  N.  W.  Lakes,  1 

Rep.  of  1867,  MS,  and  S.  0. 

59 

46.56 

70-78 

52,46 

24.37 

48,57 

Feb.     1870;   Dec.  1870 

0  11 

7m\%<.i> 

F.  W.  Higgius.               S.  0, 

60 

45-64 

68.09 

48-35 

26.42 

47- '3 

Jan.      1859;    Sept.  1864 

4  " 

C,  S.  Woodward.             P.  0,  and  S,  I.  Vol,  I,  and  S.  O. 

MINNESOTA. 

I 

39.71 

67.47 

44-94 

.3.85 

41,49 

Apr.     iS65i    Julv    iSjo 

3     5 

7m  \  %  bl= 

Dr,  B.  F.  Eabcock  & 

wife. 
S.  Bloomfieid. 

S.  0, 

2 

1868 

0     1 

3 

35.20 

59.86 

41V76 

14-52 

37-84 

Nov.      S58;    Dec,  1S70 

T.     Clarke,    and     C, 

Wielaud. 

P.  O.andS.  L  Vol.  1,  and  S.0, 

5 

61.37 

i860 
1866 

0    6 

H,  Wicland. 
A.  Stouffer. 

S.  0, 

6 

39.30 

19-35 

Dec.     1857;    May,  185S 

0    6 

7n  ^. 3. % 

S.  Walsh. 

P.  0.  and  S.  I.  Vol.  I. 

I 

37-27 

60.16 

41-57 

15.05 
7,00 

38.51 

Jan,      1858;    Sept.  i860 
'852;            1853 

0    6 

7„  2„  9a    . 
Gr  9m  3a  9. 

A.  A.  Hibberd. 
Barnard. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  O. 
S,  Coll. 

9 

45.10 

68.'4S 

45-S5 

1597 

43.85 

May,    1859;    May,iS6i 
1 868 
1868 

I     9 
0    5 

7^\%iu 

T.  F.  Thickstun. 
S.  Bloomfield. 
T.  A.  Kellett. 

P.  O.andS.  I.  Vol.  I,&S.  0. 

s.  0. 

37-3' 

15. 81 

1849;           1850 

Or  9o,  3a  9a 

Holt. 

S.  Coll, 

13 

43.76 

67.46 

44-28 

13.75 

42.06 

June,  1S5S;   May,  1866 

5  10 

Jm2.  9abi> 

A.  C,  &  H.  L.  Smith, 

P.  0.  and  S.  L  Vol.  1,  and  S,  O. 

14 

4296 

46.49 

13-85 

43-48 

July,    1853;   Apr,  1S67 

'3    4 

7m  2a  9. 

Assistant  Surgeon. 

Ar,  Met.  Regs.  1855  and  i860, 
and  MS.  from  S,  G,  O, 

15 

3987 

67-55 

43-18 

10.13 

40,18 

July,    1849;    Dec.  1870 

19    6 

■6 

4512 

7 '-05 

46,12 

15-79 

44.52 

Oct.      1819;    Dec.  1870 

42     2 

17 

57.60 

1867 

0    5 

7m2„9^^,. 

R,  Bardon. 

S.  0. 

ig 

69.59 

45-2' 

1861 

0    7 

T.  F,  Thickstun. 

19 

3881 

70.05 

44.49 

10,96 

4i.i)8 

Aug,     i86o;    July,  1863 

S.    R.    Riggs   and  A, 
W,  Higgins. 

4t  13 

66.93 

51.13 

14,63 

4346 

Dec.    1864;   Dec,  1865 

4™N.8. 

J,  B.  Clough, 

Graphical  Rec,  in  3.  Coll, 

•2 

4075 

11.97 

Nov.    i860;    Mar,  1863 
1859 

0  '° 

'^yx 

0.  H,  Kelly, 

A,  Whiiefleld. 

S.  0. 

P.  0,  and,S.  I,  Vol,  I, 

"3 

4190 

&i,56 

42.6S 

14.01 

40,81 

Jan.      1869;    Dec,  1870 

'     9 

7m  2,  9a  I,,, 

T.    M.   and  Mary  H, 
Young. 

s,  0. 

3  This  series  iiiclud 

es  observations  made  in  August,  186 

,  at  Houghton,  about  four  miles  southwest  of  Portage  Lake, 

*  Altitude  I2i  feet 

above  Lake  Superior. 
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MINNESOTA.—Cotitiimfd. 

Name  of  Station. 

3 

1 

■1 

i. 

& 

1 
1 

a. 
< 

s- 

1, 

t 

1 
< 

A 

ll 

R 

24.   Lac  qui  parle'    .      . 

4S°oo' 

95=30' 

946 

8°.85 

i3<'.26 

26°.  48 

42^78 

56°.  25 

6''-32 

2'=.  14 

8".  28 

7°.  13 

5°.  79 

"^ 

l3°-29 

25.  Lake  Winibigoshish 

47  30 

9440 

-8.83 

6.67 

24-57 

51.19 

24.03 

2.45 

26,  Litchfield      .     .     . 

45  " 

94  45 

71.48 

63'S9 

62.65 

46.53 

38.34 

17.72 

27.  Madelia  .... 

44  00 

94  30 

14.10 

18.86 

45.63 

62.16 

69.24 

73-84 

69.47 

64.76 

43,34 

32.29 

2O.06 

28.   Manketo  .... 

44  08 

94  03 

69.58 

29.  Minneapolis.     .     . 

445s 

93  15 

856 

9.89 

14.58 

21.47 

41.94 

56-96 

67.io 

71.25 

66.68 

44.71 

33-35 

14-13 

30.   New  Ulm      ,      .      . 

44  19 

94  30 

S21 

1 1.25 

16.52 

22.79 

43.50 

59-34 

69- 58 

74-73 

70.67 

62.29 

47,49 

34,65 

16.12 

31.  Pembina  .... 

48  58 

97  02 

900 

7.84 

iS,54 

18.19 

36.73 

52-78 

66.85 

74.47 

69,93 

32.   Princeton       .      .      . 

45  34 

9338 

8.96 

13-33 

31-54 

36.47 

56.32 

67.28 

73.88 

67.98 

58.65 

45-36 

27,39 

'2-35 

33.  Red  Lake      .      .      . 

4830 

95  30 

38-37 

34.  Red  Wing    .     .     . 

44  33 

92  30 

8^ 

9.25 

17.90 

16.75 

46.70 

68. 10 

71-17 

72,87 

33-05 

10. 85 

35-   St.  Anthony's  Falls 

4S  00 

93  15 

820 

5-09 

1900 

30.72 

45.52 

57-3' 

64-33 

73-61 

70.40 

58.75 

51-63 

38.78 

25.22 

36.   St.  Cloud       .      .      . 

45  39 

94  »2 

8:57 

21-58 

34-58 

58.88 

68.88 

65.11 

52-43 

37.   St.  Joseph      .      .      . 

4855 

9800 

ill 

6.33 

43.16 

52.2S 

65'77 

68.30 

66.63 

54,58 

45.19 

25.01 

'3-35 

38.   St.  Paul    .... 

44  56 

93  05 

800 

11.37 

16.94 

23.06 

43-04 

57.47 

66.65 

70.64 

66.S1 

58-30 

44.09 

32.55 

16.96 

39.   Sandy  Lake  .      .      . 

45  46 

93  01 

1300 

13.93 

17.08 

29.68 

38-23 

50-15 

60.94 

67.69 

65.47 

SS.io 

43-36 

22.83 

9.70 

40.  Sauk  Centre       .     . 

45  43 

94  56 

1 125 

12. So 

41.   Sections  17  &  22=    . 

45  43 

95  30 

10,38 

28.43 

41-39 

11. 03 

42.  Sibiey      .... 

44  30 

94  12 

S.89 

13.37 

19-54 

41-87 

58.24 

68. 13 

72.79 

68.36 

59.68 

45.33 

32.89 

15,00 

43.  Stillwater       .      .      . 

4S  04 

92  45 

756 

28.34 

44.  Tamarack*    .     .     . 

4458 

93  38 

11.98 

21.88 

26.90 

46.'i8 

57,00 

70.93 

20.17 

45.  Travets  des  Sioux  . 

44  zi 

94  00 

1500 

43.02 

72.57 

46.  Wabashaw    .     .     . 

44  30 

92  15 

850 

2. '.'58 

11.29  ■ 

35.80 

56.64 

70.47 

72.16 

71,76 

25-83 

47.  White  Bear  Lake    . 

45  37 

95  30 

2.73 

■^   •■   1 

19.20 

3.67 

48.  White  Earth      .     . 

9620 

3-so; 

10.35 

21.43 

56,83 

33.8S 

23-75 

13-78 

49.  Zapham    .... 

46^0 

9^  °°Z 

850 

1595 

5.04 

67.01 

69.S6 

24.02 

15.21 

MISSISSIPPI. 

I.  AcadcmUb,  P    H 

32 

8q 

52,48 

58.62 

75.65 

2.   ISay  of  St    T  oras 

^0  20 

68.80 

78-76 

7S.92 

82.'23 

81.48 

77.80 

3.  BrookhavenS  ^ne^r) 

ji    W 

90  24 

4^-^ 

4i.m 

51.07 

5S.14 

64.36 

70-75 

77-25 

80.23 

79.93 

73.32 

62'.'76 

54-30 

46.20 

4.  Clinton 

32  20 

90  20 

43-95 

5.  Columbus 

33  31 

S8  28 

227 

4j  ^y 

47-S3 

53.59 

62.66 

70,28 

77,21 

79.21 

73,52 

6d,Si 

53.15 

45-37 

6 

Early  Grove 

35  00 

4S4 

36.  So 

7 

East  Piacagouh 

30  20 

83  33 

76.96 

81.95 

83-93 

83.7s 

80.04 

69-95 

60.94 

8 

Enterprise* 

32  12 

88  10 

-85 

5088 

Si'.So 

54.60 

62.63 

73.S3 

79.25 

85-50 

84-00 

75.63 

65.8§ 

54.26 

40.  So 

9 

Fayette 

j'  43 

91  07 

45  35 

,55-93 

51-93 

61.98 

67-93 

74.67 

75.34 

75-65 

73.10 

59.18 

51-77 

46.66 

Garlandsville 

32  '4 

8906 

4854 

49-53 

61. II 

69.69 

77.71 

83.00 

85-63 

87-10 

82.77 

69-97 

56.05 

49-36 

Grenada 

13  4^ 

89  50 

4441 

47.57 

54-38 

62.54 

67.36 

76..  I 

80.31 

79,34 

73.70 

62.54 

55-44 

46,87 

Hernando 

.448 

9000 

-75 

59.18 

56.87 

35-46 

'3 

Holly  Springs 

34  45 

'^925 

55.02 

60.87 

62.83 

70.^6 

79- IS 

Si.  9 1 

80.65 

73.63 

14.  Jackson 

j2  29 

90  12 

i:>° 

40  B6 

52.60 

58-64 

62.06 

71.25 

75.9s 

79-57 

80.43 

75-09 

63:13 

55-41 

48.44 

15.  Kingston 

3'  34 

91  26 

4864 

59-67 

55.33 

64.31 

50.23 

16.  I-ake  Washmgton 

33  0° 

50.18 

62.19 

63-35 

72.90 

77.33 

81.73 

81,27 

17.   ilarionC   H 

32  25 

8946 

i6S 

4**  IS 

48.67 

55.50 

63-97 

73.65 

79.00 

79.33 

82.10 

74.48 

6o'.48 

55-38 

49-25 

18.   Monticello 

31   K 

90  04 

600 

4'^SI 

51.63 

81.85 

83.95 

79.95 

73.05 

62.80 

52,95 

47-23 

19.  Natchez 

3'  34 

91  27 

204 

4889 

52.35 

58-59 

65.S0 

72.07 

78.62 

S0.89 

79-93 

75.73 

64.94 

55-70 

50-04 

20.  Natchez! 

31  34 

ni  27 

2h4 

5168 

53.=!i 

60.49 

69-25 

74.05 

80.23 

81.75 

S0.97 

76.S6 

66.10 

57.29 

50.23 

21.  Oxfoid 

34  23 

89   29 

300 

3603 

39.05 

48,30 

67,03 

73.54 

76-06 

79.24 

74.63 

61.94 

54.64 

42.78 

22.   Pass  Chnstian 

if  20 

S9  12 

83,20 

84,00 

£0.90 

79,34 

68.20 

23.   Pauldmg 

32  02 

89  03 

315 

4784 

53.48 

59.57 

66.32 

74,75 

80.4a 

81.91 

8i,S5 

76-73 

69.03 

56.01 

50-94 

3248 

S9  06 

550 

4520 

49.20 

51.90 

60,73 

70.48 

73.98 

79-23 

79.28 

74-45 

64.43 

52.60 

42-35 

25.  Port  Gibaon 

31  59 

91  00 

3S0S 

53-77 

56,69 

56.60 

81.03 

72.S6 

64-41 

54-16 

46.62 

26.   Salem 

31 

76,13 

81.79 

27.  Ship  Island 

30  '2 

S8  57 

15 

■  ';''4o 

56.91 

67,27 

70.48 

85',7o 

74-40 

66.^ 

6^.82 

28.  Viciisburg 

33  23 

90  so 

350 

4801 

52.75 

58,79 

65-27 

73-30 

79.94 

81.41 

So.  21 

76.20 

64.77 

55.66 

50.59 

29.  Westville        .      .      . 

31  52 

89  54 

.. 

77.8s 

87-95 

83.95 

78.34 

63.98 

62.25 

44.83 

1  Also  called  Hanelw 

ood.                            '  Altitude  5 

feet  above  low  w 

ter  in  M 

nnesota  River,                             3  Township  126  K.,  Range  38  W. 

»  The  observations  in 

1864  were  made  on  the  Nortli  A 

m  of  Lake  Minn 

c  mile  west  of  Tamarack. 
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MINNESOTA.— Continued. 


^ 

c 

^: 

1 

1 

1 

S 

^4 
=3 

41    84 

68°.  91 

43°. 66 
49.14 

u=.8o 

4i°.i5 

-7 

4221 

70.85 

15.4s 

43.83 

68.^4 

1287 

41.67 

4i  SS 

71.66 

48,14 

I4.b-i 

44.08 

32 

4144 

69.71 

43.80 

".55 

4".  63 

33 
34 

34  57 

70,71 

12.67 

3'! 

44  55 

69,4s 

49.72 

16.44 

45.04 

37 

3869 

66.90 

41.63 

6.  .7 

38.35 

38 

41  29 

68.03 

44.93 

15.09 

42.32 

19 
41 

39  35 
43  57 

64.70 

41-43 

13.57 

9-77 

39.76 

41! 

45.97 

42.01 

43 
44 

4335 

18.01 

41 

4b 

19.57 

38.  IS 

9.21 

49 

■ 

■■ 

13.07 

1844;   Dec.  1B59 

1856;    May,  1S57 

1870 
1869;    Dec.  1870 

1S64 
1S64;    Dec.  1870 
1864;    Dec.  1870 
85';  1853 

1856;   Aug.  l86o 


Mar.  1853;  Nov,  1854 
May,  1S60;  Feb.  1S69 
1854;    Feb.  1855 


Apr.     1863;  Jmie,i864 

-'!49;  1851 

1857;  Aug.  1858 

Dec.     i860;  Mar.  1S61 

Sept.    1869;  Mar.  1870 

1857;  Dec,  1858 


7„  2^  9. 

7„  2^  9:.  bl. 


7,a  2.  9, 

7m2^9.tU 
7m  2.  9. 


7m  2^  % 
7m3.9.bi. 
Or  9«  3»  9a 

7„  2^  9. 
©,  N.  O, 

7„2.9.hi= 

7„  \  % 


;.  R.  Riggs. 


Ri;v. 

Rev.  E.  F.  Odell. 

H.  L.  Wads  worth. 

W.  W.  Miirphy, 

W.  Kilgore. 

W.  Cheney. 

C.  Roos. 

Caviiui.. 

O.  E.  Garrison  and  S. 

M.  Byers. 
Spencer. 
Rev.  J,  Brooks  and  A. 

M.  Stephens. 
Dr.  C.  L.  Anderson. 
O.  E.  Garrison. 
Rev.  D.   B.  Spencer, 

A.  A.  Kelliim. 
Rev.  A.  B.  Patterson    S.  0. 

S:  J.  W.  Heiinstreet. 
Holt  and  others. 
S.  Bloomlield. 
O.  E.  Garrison, 
C.W.&CE.  Woodbury. 
A  Van  Vorhes. 
Maiy  A.  Grave. 
Hopkins. 

Rev.  I.  Z.  Hil'ier. 
O.  E.  Garrison. 
Dr.  D.  Pyle. 
E.  M.Wright,  S  Locke, 

and  F,  McMullin. 


P.  O.  and  S.  I.  Vol.  i,  J 

S.  Coll.,  and  S.  Coll. 
P.  O.  and  S,  I.  Vol.  1. 
S.  O. 


P.  O.  & 

S.  O, 

P.  O.  a 


P.  O.  and  S.  I.  Vol.  I 
S.  0. 

S.  Coll. 

P.  O.  and  S.  I.  Vol,  I 

S.  O. 

P.  O.  and  S.  I,  Vol,  i 


MISSISSIPPI. 


48.74 

1 
63.94 

45'.5o 

6^.19 

47-73 
49.38 
49.14 
46.28 

64.90 
61.64 
68.37 
62.55 

49.30 

64.14 

52.85 

48.69 
49-13 
50-43 

64,08 
65.30 

66.84 

39.29 

50-75 
45.53 

66-55 
61.99 

46.15 

60.04 
50-45 

65-57 

1853 

July,    1833;   Sept.  183s 
Jan.      i368;    Dec.  1S70 


1855;  Dec.  1S70 

1870 
1848;  Aug.  1853 


1866;  Mar.  1867 


Feb,  1799;  May,  I 


Jan.  1836;  June,l85l 
Sept.  1854;  June,i856 
July,  1843;  July,  i860 


1855;  Apr.  1857 

1849 
1867;  Apr.  1S68 
1840;  May,  1870 


Or  9m  3,  9. 
7„  K  % 


Or  9m  3»  9. 
7M2.9.bia 

7™  \  % 


7„2a9»l, 

7„  2„  9. 
7^2.9.1, 


Robinson. 
Assistant  Sui^eon. 
T.  J.  R.  and  Mrs.  W. 

E,  A.  ICeenan, 
R.  S.  Jacltson. 
J.  S,  LttU. 
W.  M.  Abernethy. 
Assistant  Surgeon. 
E.  S.  Robinson. 
Rev.  T.  H.  aeveland. 
Rev.  E.  S.  Robinson. 
A.  Moore  &  Waddell. 
Dr.  W.  M.  Johnston. 


A.    R.     Green 
Hatch  &  Co. 
J.  E.  Srailh. 
Rev,  J.  A.  Shepherd. 
Dr,  T.  W.  Florer. 
Prof.  J.  R.  Cribbs. 
W.    Dunbar,    J,    E. 
Smith,  ftR.McCary. 

Dr.  H.  Tooley. 
Prof.  L.  Harper. 
Rev.  J.   A.   Shepherd 

and  Assist.  Sui^. 

Rev.  E.  L.  Robinson, 

Ida  S.  and  Lucy  A. 


I,  Elliott. 


S,  Coll. 

Ar.  Met,  Reg.  1855, 

S.  O. 


P.  O.  andS.  I.  Vol.  I,  and  f 
S.  O, 

Ar.  Met.  Reg,  1855. 
S.  O. 

P.  O.  and  S.  L  Vol.  i. 

S.  CoII.,S. O., MS.  from  S.  G.  O. 

P.  O,  and  S.  I.  Vol.  1, 

MS.  from  S.  G.  O. 

S.  Coll,,  P,  O,  and  S.  I,  Vol.  1. 

S.  O. 

P.  O.  and  S.  I.  Vol.  I. 

S.  0. 

MS.  in  S.  Coll.,  Phil.  Trans. 
1809,  P.  O,  and  S.  I.  Vol.  I, 
MS.  from  S.  G.  O.,  &  S.  O, 

MS,  in  S.  Coll. 

P.  O.  and  S.  I.  Vol.  I. 

MS.  in  S.  Coll.,  Ar,  Met.  Reg. 
1855- 

P,  O.andS.  I,  Vol.  I.andS.  O. 

S.  O. 

P.  0.  and  S.  L  Vol,  i, 

S.  Coll. 

MS,  from  S.  G,  O. 

Am.  Aim.  1843  &  fol.,  MS.  froi 

S.G.O.,P.O.&S.  I.V0I.1,. 

S.  Coll. 
P.  O.  and  S.  I.  Vol,  1,  and  S.  O. 


s  In  1868,  the  observations 
*  Also  called  Fellowship. 


0  miles  southwest,  and  afterwi 


led  at  6  P.  M.,  is  probably  too  high,  being  nearly  as  high  ! 
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MISSOURI.                                                                                             1 

Name  of  Station. 

J 

! 

i 

4 

1 

1 

g. 

i 

_^ 

t 

1-        ti         i    \ 

,j 

►3 

K 

1^ 

S 

< 

^ 

'^ 

•^ 

■1 

en            0 

Z 

a 

1.  Aile 

s    9 

9  45 

77 

34      6 

40MS 

53°-i5 

62°,  19 

■'o°.44 

;5'',oi 

3^37 

640,42 

51". 04 

42=,58 

30°,  64 

2.  Alh 

4 

J     45 

48 

7&9 

35    3 

42.36 

51.16 

61.74 

72,29 

8030 

78,00     75.40 

54-35 

46.30 

28,42 

3.  Boll  ar 

37   5 

9i  3 

!&45 

3785 

41.25 

57.63 

66.23 

72.05 

81,10     68,75 

53.00 

47,60 

34,17 

4.  Bruis      k 

9  4 

3     5 

4     5 

4    5 

47.00 

63.50 

67,50 

73.00 

81.00 

77.50 

70.00 

55-50 

41,25 

47.25 

S.  Can 

4    7 

9    34 

87s 

883 

48.48 

56.79 

75-75 

79-33 

77,60 

6.  Cape  G  ra  d 

37 

89  3+ 

34 

35    4 

38.29 

46.06 

60.23 

70-74 

76,03 

74-58 

69.46 

57V24 

42V13 

38.72 

7.  Carr  lit 

39 

3     3 

50.10 

8.  Cass    11 

64 

9i  5& 

600 

4    60 

49-94 

58.70 

66,04 

75.09 

8^.6S 

76.74 

67.61 

57-87 

46.66 

32.59 

9.  Cor      g 

4    7 

95  33 

54-43 

71.40 

67-55 

54.53 

26.87 

lo.  Dand 

8 

J 

536 

85 

380 

3S.70 

51.20 

71,75 

74.95 

81,40 

7965 

II.  EastPr 

36  S 

89 

637 

989 

46.29 

56.32 

64.24 

71,46 

78,42 

76.38 

67.33 

53-5° 

42.52 

33-84 

12.  Eas 

39  46 

94  4 

4-  7 

9    7 

42-22 

53-96 

6S.1S 

75.78 

76.43 

74.54 

67.11 

53-14 

41.94 

21.95 

13.  Edi  b    g 

4    06 

5 

78 

41,63 

29.12 

14.  Ha.     bal 

9  44 

3 

37  3 

43-35 

52-4' 

61.79 

73-40 

82.13 

69,30 

53-19 

43.15 

33-80 

15.  Harr  so  viU 

838 

94    5 

55 

3  57 

37.65 

52.96 

63-64 

72.19 

77.08 

74-11 

67,11 

53-00 

41.87 

28. 57 

16.  Hem     C 

8 

QO  37 

4   5 

37    3 

^    9 

41.17 

55.2S 

66.41 

73.00 

79-85 

76,15 

66.73 

53-88 

44.21 

32.37 

17.   Herm 

7  56 

J      5 

b 

3    43 

42-37 

51.32 

62,62 

70.91 

77-59 

73-95 

65,86 

51-07 

4'. 37 

31.53 

18.  Hor       vill 

3       'i 

9     ■; 

38 

4f  49 

53-99 

63,11 

74.28 

78.95 

83-23 

79-53 

73-88 

61. So 

48.50 

42.39 

19.  Jeffe         B  rr    k 

S     8 

0     5 

4 

3    47 

3      4 

45-26 

57.03 

66,83 

74-63 

78.90 

76.92 

68,47 

56.35 

43-27 

34,06 

20.  Teffe         Cty 

21.  Kan       C  ty 

^  35 

9    f 

6S 

8 

5 

4=.34 

53.33 

66,50 

73.49 

^■P 

76.41 

65-39 

52-74 

42.78 

30.27 

39     5 

94  4 

7 

90 

S53 

57-05 

66.4S 

72.38 

78.85 

74,23 

67.68 

55-35 

45.05 

29,28 

22.  Key         11 

39     7 

9     3 

62.37 

69.45 

74-S8 

77.25 

44-80 

23.  Laborvll 

38  13 

9   43 

9    8 

18^ 

40. 3S 

52,18 

66,90 

74.90 

33.78 

24.  Oreg 

9  W 

95  "9 

367 

3    8 

3<.82 

50,66 

62.94 

72.05 

78.32 

74.06 

64.99 

53.09 

41.48 

28,98 

25.  Pain  yra    S     P     1 

Cll 

19  47 

9       7 

39.90 

57.00 

71,99 

76-87 

71,69 

67,42 

58-20 

35.90 

23.22 

26.   Par     (     ar) 

9     00 

700 

59 

34  4 

43.83 

55,0s 

64,07 

71-92 

71.33 

72,95 

64.05 

53.14 

43.56 

28.46 

27.   RM    1     d 

84 

9    46 

3'i    3 

46.60 

55.78 

67.70 

43.15 

22.45 

28.  Rod   po 

**  55 

9       8 

38.55 

60,99 

66.44 

81-26 

29.  RqU  (3imlW    f) 

37  58 

44 

95 

3 

35  97 

43-95 

52-16 

62.68 

70.60 

77.77 

74.51 

66,95 

52.73 

43.04 

33.18 

30.  Spn  gfi  Id 

37 

3 

38  36 

i    8 

48.50 

54,74 

74.16 

70,88 

71.07 

53.57 

40.E9 

40.11 

31.  St.  J      pi 

39  45 

94  5 

3    4 

35  4 

38.52 

56.36 

63.53 

70.99 

77.'4 

76,09 

67.09 

50.88 

35.38 

34.39 

32.  St,  Lo 

IS     7 

^ 

5 

4  59 

4340 

55.33 

65.55 

74.17 

78.13 

76.05 

6S.55 

55.16 

43-94 

33.05 

33.  Sto  kt 

4'^ 

■to 

4    44 

52.68 

63.45 

72-53 

85.90 

75-79 

68.24 

52.75 

46,87 

26,39 

34-  Toi       G 

3^6 

9 

5 

7  87 

3 

42.12 

54.03 

63.48 

70.35 

75.09 

75-59 

67-03 

53.65 

41.60 

37,96 

35.  Uni 

ii'    5 

9       7 

6 

767 

34  74 

37-59 

56.73 

61.21 

73.07 

79.28 

72.20 

61.63 

54-23 

44.68 

33.62 

36.  Warr      b    g 

8  45 

93  4 

600 

3388 

33  43 

38-10 

53-85 

65.23 

71.90 

80.99 

77.22 

64,98 

56.08 

41.93 

25-93 

37.  Warr    t 

3?  5 

9      5 

1    79 

33  9 

43-12 

55-64 

64.24 

72.87 

77-69 

75.37 

66.27 

53-33 

41.35 

31.64 

38.  Wy         d    Pr 

^ 

7 

3  7<- 

s„ 

36-33 

48.S1 

63.83 

71.44 

7S,S2 

,.m 

67.24 

49-8a 

38.57 

26,57 

MON' 

rAWA 

I.   Baton  Gty     ,      .      . 

27.88 

2.  Camp  Baker      .     . 

39.12 

3.   Camp  Cook  .      .      . 

47  4S 

109  38 

15.20 

2i'.'76 

25.24 

47.64 

6^,28 

68,62 

73.36 

71.48 

56,31 

47.75 

35.37 

21.09 

4.  Cantonment  Stevens 

46  16 

114  00 

3412 

'3-3 

31.2 

39-4 

48.3 

56.3 

64.2 

71,9 

72,6 

56,7 

45-9 

34.1 

30,2 

S.  Deer  Lodge  City    . 

46  26 

III  32 

4240 

20.63 

25.00 

26.S0 

43-43 

54,00 

6i:83 

65.41 

58,52 

50.72 

37-02 

33.50 

21.05 

6.  Fort  Benton.      ,     , 

47  50 

no  39 

3730 

1943 

29.67 

23.13 

52.91 

58.05 

71.65 

77,60 

64-19 

62.20 

48.15 

3S-SI 

26,33 

7.  Fort  C.  F.  Smith    . 

45  20 

107  56 

18.43 

26.62 

25-47 

48.43 

55.29 

68,52 

73.03 

77,80 

61.38 

53.88 

45-35 

31.39 

8.  Fort  Ellis      .     .     . 

45  33 

4800 

29.48 

28.43 

44,00 

58-20 

65.60 

69.65 

64,64 

54,6. 

43.23 

35.97 

25.44 

9.  Fort  Shaw    .     .     . 

47  30 

ui  42 

18.26 

30.  ^3 

31.63 

48,05 

55.98 

66,12 

71,10 

65-28 

57-21 

47.33 

38.67 

27.33 

10.  Port  Union   .     .     . 

4803 

104  00 

13.29 

21.44 

28.54 

50,87 

53.78 

65. 84 

67.50 

56.80 

45.30 

26.20 

II.   Helena  City.      .      . 

46  37 

113   00 

4150 

11,21 

20.96 

21.98 

37,95 

41-35 

56,80 

78,05 

76,  C« 

57,70 

48.18 

40.95 

25,30 

13.   Missoula  .... 

46  45 

"3  45 

3300 

36,63 

20.45 

1  This  6 

ries  is  ct 

imidered 

not  very 

eliable. 

»  Altitu 

6  25  feet 

above  li 

eh  water 

n  Missouri  River. 

a  Obsen 

ationsco 

rected  fo 

r  daily  va 

riation. 
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4b  19 
5S23 


5353 
5142 
5429 


77.17 
77.56 
73- 7S 

77.49 
78.67 
75.4Z 
75- 5S 

79-58 
74.46 
76.33 
74.15 


54  33 
5669 

55  33 
5-93 

5280 
5509 


30°. 92 

30.48 

36.16 

■     43.33 


56.28 
57-38 


74.29 

74.74 
76,1: 


75-3' 
73-75 


53-58 
57.54 


29.56 
35.96 
31.09 


33-78 
36.59 
34-32 


53.8' 
53.24 


1845 
1867;  Apr. 

ISS6;    Jan. 

r85o 
1859;   J'me, 


[86i 


Apr.  iSe 


Feb.     l368;   Dec 


Aug.     1859;    Jan. 
Nov,    1859;   May,  I 


0r9m3 


i860 

1868;  Dec.  1870 

1864;  Nov.!'" 

1866;  Jan.   1 

1853;  Nov.  1854 

1863;  Sept.  ir- 
ises;  Dec.  i; 
1867;  Dec.  I. 


1857 
1862 
,1860 

May,    1367;"  Dec.  1870 


Jan.     1S30;   Dec.  1870 


Jan. 
Mar. 

July, 


A.  Fendler. 
J.  T.  Cddwell, 
J.  A.  Race. 
Blue. 

G.  P.  Ray. 
Rev.  J.  Knoud. 
O.  J.  Kerby. 
M.  S.  WyiicU. 
H.  Martin. 
S,  S.  Baiiey. 
A.  Miller. 

i.  Sibley. 
J.  E.  Vertrees. 
O.  H,  P.  Lear. 
J.  Christian. 
J.  M.  Smith. 
Dr.  W.  and  Miss  Isa- 
bella Moore. 
W.  Homer. 
Assistant  Surgeon. 

N.  De  Wyl, 
S,  W.  Salisbury. 
C.  Veatch, 
W.  Mdec. 
W.  Kauchcr. 

G.  P.  Comingi. 

W.  F.  Maxey. 

C.  Vogel. 

Dr.  C.  Q.  Chandler. 

H.  Ruggles. 

J.  A.  Stephens. 

E.  B.  Neeley  and  H. 

Bullard. 
Drs,    G.   Engelmaiin, 

A.  Wislizenus,   B. 

B.  Brown,  A.  Fend- 
ler, J.  H.  Ltineman, 
and  others. 


Pat.  Off.  Rep. 

S.  O. 

P.O.  andS,  1.  Vol.  I. 

S.  O. 

O.  and  S.  I.  Vol.  1,  and  S.  O.  i 
S.  O. 


r.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 
S.  O. 


P.  O.  and  S.  I.  Vol.  i. 

S.  O. 

P.  O.  and  S.  I,  Vol.  I. 

P.  O.  and  S.  I.  Vol.  i,  and  S.  O. 

Ar.  Met.  Regs.  1855  and  iJ 
MS.  in  S.  Coll.,  St.  L 
Med.  &  Surg,  Joum.,  Trans. 
St.  Louis  Acad.  Scl.,  S.  O. 
P.  O.  and  S.  I.  Vol.  I,  ' 
Sill  Journ. 

P.  O.  and  S.  I,  Vol.  I,  and  S.  0, 

S.  O. 


W.  Wells. 
A.  Fendler, 
Dr.  W.,  and  Mi 

J.  E.  Pollock. 

M.  A.   Tidswell  and    P.  O.  and  S.  I.  V. 

M.  F.  Hamacker. 
G.  P.  Ray.  S.  O. 


MONTANA. 


4470 
4306 

43  54 


70.82 
69-57 


46.48 

19.35 

45.26 

45-57 

24-90 

47.01 

22.23 

41.49 

25.14 

47-43 

2^.48 

4S.80 

47-74 

25.41 

46,47 

42.77 

48.94 

19.16 

43.04 

1869;  Dec.  1870 

.   1866;  Tune,iS68 

Aug.    1868;  Dec.  1S70 

Sept.    1S67;  Dec.  1870 

Jan.      1854;  Jan.   185S 


I  Dr.  H.  M.  Lelima.1 


E.   T.   Denig,  F.  G. 


Blod  get's  Climatolog 

S.  O. 

MS.  from  S.  G.  O. 


P.  O.  and  S.  1 

S,  O. 


'  Altitude  300  feet  above  Missouri  Rivei 
'  This  series  includes  observations  at  Ihf 
E  Altitude  825  feet  above  the  Gulf. 


St.  Louis  Arsenal,  fro: 


7    October,  1874. 
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NEBRASKA. 

Name  of  Station. 

a 

4i°oS' 

! 

i 

k 

h 

S 

<: 

S 

1 

1 

1 

0. 

0 

K    , 

i 

1.   BeUevne  .... 

9S°55' 

21°. 80 

26-.S4 

37°-o5 

480.81 

6I^79 

7i°-05 

6^o3 

2°.  65 

5°-io 

0=.42 

7''.65 

25''.20 

3.  Brownville    ... 

40  24 

95  40 

28.02 

26.92 

42.89 

64.18 

74-51 

79-56 

76.53 

66,97 

53-89 

32.70 

24.67 

3.  Dakota     .     . 

42  25 

96  25 

090 

17.H 

24-35 

35-56 

44-76 

63.32 

68.20 

74-32 

73-99 

50-59 

36-35 

22,42 

4.  Decatur   .     . 

42  00 

96  t6 

30-95 

46.98 

60.15 

66.  iS 

71.60 

5.  De  So£a   .     . 

41  31 

96  05 

17.29 

24. 1 S 

28,11 

46.63 

60.66 

70,06 

75,11 

70.69 

60.67 

48. 20 

36.05 

23V26 

6.  FontaneHe    . 

4'  32 

95  27 

16.90 

22.74 

29-85 

45-90 

59-78 

71.16 

72,77 

71.61 

6i.8i 

45.23 

33-65 

23-44 

7.   Fort  CaliounS 

41  30 

9b  02 

3=7 

1S.95 

26.64 

36.90 

51-74 

64.16 

74.15 

76.34 

76.30 

65.48 

52.77 

37-33 

22.06 

8,  FoctChildt   . 

4040 

99  41 

7.71 

17-50 

9.   Fort  Keainey* 

4038 

9^  57 

2360 

19.99 

25.57 

34-70 

46,92 

57.96 

6^.89 

75-01 

72.34 

62,57 

50,51 

34.7' 

20.17 

10.  Fort  McPherson      . 

41  00 

100  30 

28.72 

34-14 

37-03 

49,66 

63-45 

71,63 

79-97 

74.68 

63,88 

51-64 

40,94 

30.S2 

tl.  Glendalc,  near  .     . 

40  55 

96  05 

16,55 

23,65 

29,91 

46. 82 

59-03 

68.94 

75.87 

71.99 

59-95 

48.14 

34-95 

23.41 

12.  Ionia  .     ,     . 

42  41 

9650 

2500 

73-03 

13.  Uncoltt    .     . 

40  50 

9(1  45 

1647 

51,16 

14.  Nebraska  City 

40  41 

95  51 

1005 

64,07 

71-45 

78.88 

74.95 

63-23 

51-53 

39-39 

16,03 

15.  Nebraska  City 

40  41 

95  51 

1225 

25.S3 

29,81 

36-*3' 

53-92 

63,50 

72.06 

77.78 

72-48 

64-43 

50.32 

37-95 

25,28 

16.  Newcastle  . 

42  37 

96  47 

Soo 

70.80 

78-15 

68.15 

62.48 

36.00 

29,20 

17.   Nursery  Hill 

40  40 

96  13 

1366 

21.63 

29-45 

32-05 

45,70 

63-38 

18.  Omaha"    .... 

41  15 

95  5"^ 

1300 

20.07 

2S.23 

33-4' 

48.42 

63-37 

72.11 

76.99 

73-67 

64.10 

49-59 

39,60 

21.79 

10.  Omaha  Agency'      . 

42  07 

9622 

ai.54 

27. Si 

34-37 

48,60 

63-99 

70.47 

78.19 

72,76 

62.73 

51.20 

38.78 

26.85 

20.  Peru         .... 

40  29 

41  22 

lit 

^3:i 

33,18 

69,94 

21.  RkWandT      .     .     . 

1350 

1 7!  26 

31-63 

45'.'9£ 

61.77 

70.87 

75-08 

72,42 

63V86 

49.02 

3509 

21,41 

22.  Rock  Bluff   .     .     . 

40  50 

95  50 

28,20 

55-70 

36-57 

82. 13 

NEVADA. 

i.  Camp  Hallcck  .     . 

40  42 

"5  30 

S.00I 

24.49 

2S.57 

37-03 

46,23 

53.09 

63-95 

69.73 

69,19 

58,82 

47.34 

38.65 

29,46 

2.  Camp  McDermit     . 

41 58 

117  40 

4700 

27,59 

31-23 

36,07 

46.17 

54.68 

64.46 

73.52 

72,61 

49.90 

40,38 

29,24 

3,  Camp  McGarry  .     . 

4£  40 

119  00 

6ooo. 

27,25 

27.65 

39-47 

46,77 

54-38 

63.77 

66.23 

56.65 

47.56 

38,02 

26.44 

4.  Camp  Winfield  Scott 

41  34 

"7  30 

29,8! 

35-36 

48.71 

56.11 

67.55 

77.78 

75,92 

63,63 

51-31 

36-71 

36.31 

5.  Fort  Churchill   .     . 

39  17 

119  19 

+284 

32.08 

3S-S7 

43.84 

52-55 

60,95 

70.75 

7S.37 

76,41 

67,61 

53-00 

42.47 

35-99 

6.  Fort  Ruby     .     .     . 

40  ot 

"5  35 

5922 

27.44 

29,86 

37-46 

45-45 

58,08 

64.89 

72.65 

73-82 

62.72 

51-21 

40-57 

32-46 

7.  Star  City  .... 

40  30 

7500 

49-73 

43.18 

20,65 

NEW  HAMPSHIRE. 

41-97 

69,96 

68.11 

45-67 

26.51 

1S.35 

22.47 

30.79 

43.5' 

54.96 

65-27 

69.21 

66.56 

58-48 

46-53 

37-" 

23-68 

20.84 

22.73 

31-49 

43.21 

56.1? 

65.86 

69.91 

65, 80 

59-15 

48.82 

37-96 
39.S3 

24-S7 

D 

23'.  60 

31-80 

53-70 

63.90 

70,40 

64,70 

58,80 

46,;o 

35-50 

25.20 

D 

18,52 

21.58 

27.70 

36-99 

49.  T  4 

63,18 

67.15 

64,18 

57-37 

33.67 

21.14 

E 
E 

00 

27.74 

24.78 

30.08 

43.60 

54-54 

66,44 

72-84 

70,25 

61.20 

%fg 

36-65 

26.38 

19.89 

2l'.20 

31.41 

40.35 

54-47 

63',8i 

69-89 

6f82 

59.00 

49-22 

38.06 

25-33 

Fam     g 

23  20 

Frm 

=3.98 

22.15 

26,41 

43-19 

55.50 

69,09 

71-32 

68,*30 

57-99 

45-38 

33-13 

24,00 

F            ns  tu 

24,89 

26.26 

34-37 

43-26 

53.50 

62,34 

6;,o6 

65,06 

59-12 

49,64 

38-89 

28.74 

m 

18,58 

24.29 

30,08 

43.00 

53-5° 

64,09 

69.32 

68.15 

59-45 

47.09 

38-19 

29.46 

Gea  F 

21.32 

20,25 

31.96 

41.73 

56-83 

64.78 

75-50 

68.90 

60,98 

51,01 

3S-16 

22.13 

Han                 D 

16.24 

1 5 -'^■7 

26.15 

37.66 

52.53 

61,69 

65.68 

63-34 

55.55 

44.30 

32-31 

17.08 

17,62 

18.89 

29,10 

40,10 

5340 
54,60 

62.70 

68:79 

65,60 
70,40 

56.33 

44-18 

44.S0 

33-76 

20-99 
25-50 

M              R                                                                  a  1025  feet  in  1868-69.                                                        =  O'"!  Council  BliifTs. 

s  Observations  from  Jan.  1859  tu  July,  i860,  at  "  Pioneer  Grove,"  near  Omaha,  to  the  northwest,  at  an  elevation  of  1400  feet.     Observations  for  Kov. 

and  Dec.  1868,  at  an  elevation  of  900  feet  1  for  1869-70  at  "Omaha  Barracks." 
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NEBRASKA.                                                                                          1 

^ 

i 

S 

i 

c 

Series. 

^XT..Nr 

Observing 

Obseevee. 

References. 

<ff 

^ 

> 

Begins.             Ends. 

.■s.mos. 

HOUKS. 

. 

49°.22 

3'>,24 

i°.o6 

24°.6i 

49°.  53 

June,   1857;   Dec.  1870 

12       4 

7„2„9^M, 

W.  Hamilton  and  E. 
E.  Caldwell, 

P.  0.  andS.  I.  Vol,  1.  andS.  0. 

76.87 

26.54 

May,    185S;    Oct.    1S59 

C.  B.  Smith. 

P.  0.  and  S.  I.  Vol.  I. 

1 

47.S8 

72.17 

21.29 

Oct.      1867  ;    Aug.  1869 

'    7 

7„  K  9^  hi. 

4 

46.03 

0   s 

Dr.  S.  C.  Case, 

4B.-ii 

2t.^8 

415.74 

Apr.     1867;   Dec.  1870 

1    » 

C.  Seltz. 

0 

4-;.  18 

46.90 

46.24 

Jail.     1859;   Nov.  1869 

7 

50-93 

75-56 

Sr.K6 

22.55 

50.23 

Jan,      1820;    Dec,  1S26 

70        7„  2,  9^ 

Ar.  Met.  Reg,  1855, 

9 

46-53 

72.41 

49.26 

21.91 

47-53 

Jan,      .849;    Jan-    1S68 

"5  II        ?„2.9. 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G,  0. 

50.05 

75-43 

52.15 

31.23 

52.21 

Nov,    1S66;    Dec,  1870 

3    5 

MS,  from  S.  G.  O. 

" 

45-25 

72.27 

47-68 

46.60 

Aug.    1861;    OcL    1869 
1865 

4    0 

7„2,9,^,, 

Dr.  A. L.& I.E.  Child. 
L.  T.  Hill. 

S.  0. 

1870 

Dr.  G.  A.  Goodrich. 

H 

51-38 

1859 

1m  \  9^ 

E,  E.  Mason. 

P.  0.  and  S.  I.  Vol.  I. 

IS 
i6 

51.24 

74.11 
73-37 

50.90 

26.97 

50.81 

July,     1868;    Deo.  1870 
1870 
1S65 

0    5 

1^\%U= 

P.  Zahner. 
L.  H.  Smith. 

s.  0. 

4S.40 

74.26 

Si.io 

''S-J^ 

49.28 

June,   1858;   Dec.  1870 

7„  2^  9. 

J.   T.  Allan,  W.   N. 
Byers,Assis.Surg.,j. 
G.Rain,C.B.WelU. 

P.  0.  and  S.  I.  Vol.  1,  S.  0.,  | 
and  MS.  from  S,  G.  0, 

19 

43.99 

73-8t 

50.90 

25-40 

49-77 

Aug.    1867 
June,   1867 

Dec.  1870 
Tmie,iS69 
Mar.  1870 

3     1 
0    5 

7m  2.^9^  M= 

W.  Hamilton. 
J.  M.  McKenzie. 

S.  0, 

20.81 

June,  1858 

J.S.&A.M.j.Bowen. 

P,  0,  andS,  I.  Vol,  I,  and  S.  O. 

22 

Oct.     i860 

Feb.  1 861 

0    4 

7m  2,  9^ 

NEVADA.                                                                                             1 

J 

67.62 

48.27 

Oct.     1867;   Dec.  1870 

Assistant  Surgeon. 

MS.  from  S.  G.  0. 

4    8 

1 

3796 

61.46 

47,41 

25.17 

43.00 

74.0a 

Dec.    1S66 

July,  1S70 

3    e 

S 

S=.45 

7';-«» 

54  3» 

34-55 

54-13 

Oct.     i860 

May,  1869 

7  10 

47.00 

70.45 

51-50 

29.92 

49.72 

S    3 

7 

0    3 

7„2:>9^M= 

NEW  HAMPSHIRE.                                                                                 | 

1 

1843;           1844 

0    5 

Manuscript, 

^ 

43-09 

67.01 

47-37 

21.50 

44-74 

Sept.    1857;    Nov.  1868 

9    7 

7„,2„9^^„ 

F.    A.     Freeman,    A. 
Chase,  &S.0.  Mead. 

P,  0.  and  S,  I.  Vol.  I,  and  S,  0, 

^ 

43.63 

07.53 

48,64 

22.81 

45.65 

Jan.      1S2S;    May,  1870 

22    z 

7™  2„  9^ 

J,  C.  Knox,  J.  Farmer, 
Dr.   Prescott,  H.  E. 
Sawyer,  J.T.  Wheeler, 

P,  0.  &  S.  I.  Vol.  I,  s.  0.,  S, 
Coll,,andAm.  Aim.  1837  & 
foil. 

E.  D.  Couch. 

s.  0, 

A,  A.  Tufts. 

Am,  Aim,  1836-7  and  foil. 

37.94 

64.84 

45-49 

20.41 

42.17 

Jan.      1849;    Aug.  1853 

4    8 

Or  9m  3a  % 

Leonard, 

^ 

42.41 

69.84 

48.91 

20.30 

46.87 

Mar.    1868;   Dec.  1870 
1833 ;            1S34 

7m  2.  9.m 

A.  Colby. 
Hummer. 

s.  0, 

Am,  Aim. 

9 

42.24 

67.17 

48.76 

22.14 

45-08 

1849;    May,  1863 

6  n 

U  2«  9,iu 

Rev.  S.  W.  Leonard, 

E.  Nason. 
L.  Bell. 

S.  0.  and  S.  Coll. 

in 

1861 

0    I 

S.  0. 

Feb,     1S67;   Dec.  1870 

A,  Brewster. 

43-71 

64.82 

49.22 

26.63 

46.09 

Jan.      1822;    Sept.  1853 

25    2 

7»  \  % 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

13 

41.86 

67.19 

48,24 

24.11 

45-35 

Mar.     1S53;    May,  1S58 

3     3 

A.  H.  Eixby,  Dr,  M. 
N.  Root,  &  Sawyer. 

P.  0.  &  S.  I.  Vol.  I,  &  S.  Coll. 

'4 

43-15 

S9-73 

50-05 

21.23 

46.13 

1853;    Jan.    1S57 

1     2 

Titcomb. 
Prof.  I.  Young,  A.  A. 

"             "          "         " 

^8.78 

44-05 

16.26 

Nov.    1834;   Dec.  1854 

4    0 

0,.  'k  9k 

P.  0,  and   S.   I.  Vol.  I,  Am. 

lb 
'7 

40.  S7 

65-15 

44-76 

19.17 

42.49 

1835;           1854 
1843 

0     7 

0r  9m  3.  9. 

Vonng.^ 

Whalock. 

6  Observations  for  1867  at  "Black 

bird  Hills,"  a  few  mHcs  to  the  Eouthwest  of  the  mission.                                   '  Aho  known  as  "  Elkhorn  Cily." 

s  Nason  gives  altitude  125  feet  alx 

ve  river  bed.                                                                                                      s  Also  called  Tam/worth. 

1"  This  series  is  composed  of  observ 

ations  at  Great  Falls  by  H.  E.  Sawyer,  and  at  Salmon  Falls,  about  two  miles  southeast  of  Great  Falls,  by  G,  E.  Sawyer. 

"  OlKervations  from  January,  183 

,  to  December,  1837,  probably  included  in  preceding  'jeries. 
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NEW  HAMPSHIRE— Continued. 


ig.    Londondefry 

20.  London  Ridge  . 

21.  Manchester   .      . 


23.  Mt.  Washington 

24.  North  Birnstead' 

25.  Portsmouth   .      . 

26.  Portsmoiitli    .      , 

37.  Salisbury  .  . 
2S.  Slielburne  .  . 
sg,  Stratford  .     .     . 

30.  Waltefield      .      . 

31.  West  Enfield      . 

32.  Whitefield     .      . 


3 

i 

a 

A 

■s 

44=20' 

7i°49' 

i7°-S7 

i8°.4o 

42  S3 

43  20 
42  59 

71  20 

300 

475 

22.64 
lit 

24.38 
SO'?? 
26,3s 

42  45 

71  45 

29.10 

3'-7o 

44  16 
43  22 
43  05 

71  18 
71  15 
70  46 

6285 

21.65 
=!S-45 

24.74 
27-75 

43  OS 

70  4e 

38 

21.62 

27,4s 

43  23 

44  23 
44  40 

71  43 
71  14 

7'  39 

7D0 

18,83 

ID. 32 
13,27 

17.17 

44  23 

71  07 

72  07 
7'  39 

'332 

28.00 
22:50 

28.80 
16.35 

66.36 
67.20 
67-54 

66,10 

43-58 
65.80 


50.61 
51,09 


47-63 
47.43 


33.03 
27.48 


26,35 


NEW  JERSEY. 


6.  Elwood 

7.  Freehold 

8.  Greenwich 

9.  Haddonfield 


11.  Lessei  Croso  Roads 

12.  Long  Bnuch 

13.  Middletown 

14.  Moore  jtown 


ig.  New  BninsBicli 

20.  Newfield 

21.  New  Germanfown 

22.  New  Stone 

23.  Newton 


26.  Seaville 

27.  Sei^eauCsville 

28.  South  Oiange 

29.  Trenton 


40  4S 

^41 

40  36 

74  44 

40  Of 

74  5' 

4C  00 

74  ^7 

4054 

74  j4 

40  15 

74  16 

39  24 

39  S3 

7502 

40  23 

74  57 

40  41 

40  IS 

73  58 

40  24 

74  07 

W  5» 

74  57 

39  59 

74  48 

4024 

,  59 

40  44 

74  10 

40  44 

74  10 

40  .. 

74  "7 

%a  40 

74  13 

40  40 

41  04 

74  45 

40  56 

74  10 

39  01 

59  I. 

74  45 

40  27 

74  ^7 

4'  45 

40  14 

74  45 

39  29 

75  01 

39  39 

75  19 

54-43 


64.60     54,19 
72,30  j  64.40 

71.3'i     55,54 


44-59 
39-92 


33-67 
30.85 
33-39 


28.70 
34.30 
34.50 
32-59 


32,70 
34,58 


53-54 
62.83 
54.57 


28.36 
36.6. 
31-64 
33.06 


'  This  series  is  composed  of  oNervalions  at  Littleton,  by  R.  C.  Wliiting,  and  at  North  Littleton,  about  one  mile  north  of  Littleton,  by  R.  Smith, 

'  The  observing  hours  were  Q^  2„      The  observations  were  corrected  for  daily  variation  by  means  of  the  genera!  table. 

'  Also  csdled  Barmtead.  *  Observations  corrected  for  daily  variation  by  means  of  the  general  table. 

5  The  observations  in  March,  1849,  wore  made  at  Belleville,  about  three  miles  northeast  of  Bloomfield. 
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NEW  HAMPSHIEB— Continued. 


1 

1 

1 
s 

1 

>^ 

3S°.63 

63".77 

45°.  36 

I7".03 

4I°.30 

«.86 
49. 9S 
47.80 

68.83 
71.38 
70.02 

67.60 

50.19 
51.14 

24,64 
39.17 
25.90 

46.S8 

48.72 

42. 93 
45.03 

46.88 
67.05 
67,87 

49-31 
47,98 

as 

ii 

44.02 

66.99 

47.  ss 

25. '5 

46,01 

39.77 
37-7' 

65;8 

63.95 

48,42 
43.68 

1 8!  60 
15-50 

42,01 
39.71 

50.08 
39-3& 
40.35 

76.67 
64:84 

54-87 

45-23 
44.16 

29-53 
19-91 
20.19 

53,79 
43,63 
42.39 

>.  1857 

>,  1863 

r.  i860 


Feb.  i860;  Dec.  1868 

Feb,  1806;  Sept.  1S07 

Jan.  1839;  July,  1868 

Nov.  1S61;  Oct.  1870 

Dec.  1S56;  May,l869 

Aug.  1855;  Dec,  1870 


June,    1869;    Dee 


)r  9a  3^  9„ 


R.     C.    Whitiiii 


J,  S,  Hall,  Noyes. 
C.  H.  Pittman. 
C.  Peirce. 

J.  Hatch,  Surg,   Dell- 
ney  mid  Chase, 

E.  D.  Couch, 

F,  Odell, 

W.  B.  G.,  B.  G.  &  B. 
Browii,  A.  Wiggin. 


S.  O, 

P.  O.  and  S.  I.  Vol,  I,  &  MS. 

S.  O. 

P.  O.  &  S.  I. Vol.  I,  S.  Coll., 

S.  O, 
Med.  and  Agr.  Reg.  Bost.Vol. 

1,  1806-7. 
P.O.  &  S.I.Vol.  I,&Pcint,  Reg. 
S.  O. 
Med.  and  Agr.  Reg.  Bost.  Vol. 

I,  1806-7. 
MS,  in  S.  Coll.  and  S.  O. 


Manuscript. 

P.  O.  and  S.  I.  Vol,  i, 

S.  O. 


NEW  JERSEY. 


46,99 

7 '-39 

54-15 

30-94 

50.87 

ft 

74-65 

54.69 

30.87 

r 

49.71 

72.01 

54-8. 

31-22 

Si-94 

t 

51-39 

ti 

45.70 

6^.70 

52-99 

49,19 

72.41 

53-5° 

49-9' 

47.64 

70.50 

50.97 

49.42 

72,30 

53-56 

3'-38 

51-67 

J 

48.99 

72.46 

52,77 

30.66 
33-75 

51-22 

J 
c 

70,33 

■;6.^o 

58,87 

70.86 

J 

46,77 

4S-46 

68.52 

50,16 

48.25 

70.35 

53.04 

30-75 

50,50 

48,05 

71.15 

52.52 

29.17 

5022 

48,49 

74-57 

54.41 

33.09 

52.64 

47,21 

72.S2 

51-35 

30.94 

50.27 

44,71 

47.  S6 

71.61 

47.20 

71.01 

54-47 

S6.-,b 

52-91 

47.36 

73.04 

S9-1S 
53-80 

32.18 

53.08 

50,46 

73-03 

54-90 

32,6U 

52.76 

49,04 

75-43 

54.03 

3... 

52.67 

Mar,  1849;  Dec.  1862 
Nov,  1866;  Oct,  1870 
Mac.  1S49;  Mar.  1868 


May,  1863;  Dec.  1S70 
1866;  Jan.  1869 
186S;  Nov,  1868 
1857;  Feb.  1862 
1864;  Dec.  1870 
1864;  Dec.  1870 

1843;  Dec.  1859 

1869;   Feb,  1S70 
1861 
,   1831 ;   Mar.  1849 
.    1849;   Aug.  1868 


i86r 

1829 ;  1S50 

May,    1843;   Dec.  if 

Mar.     1863;    May,  if 


Oct. 

1867;    July,  1870 

2   10 

Drr. 

1868;   Dec.  1870 

1S67 

0     4 

(let. 

1863;   Dec.  1870 

Ian. 

1S65;    Apr,  1S68 

Jax.. 

1857;    Mar.  1858 

'     3 

[857;   l^ec.  1S70 


R.    L.     Cooke,    and 

Merrick. 
J,    Fleming,   and  W. 

T.  Kerr. 
Rev.  A.  Frost,  Dr.  E, 

R,  Sclimidt,  and  J. 

C.  Deacon. 
T.  S.  and  T.  J.  Beans, 
H.  Shi-iver. 
J.  S.  Tritts, 
O.  R.  Willis. 
Rebecca  C.  Sheppard. 
J.    S.    Lippiiicott,    S. 

Wood,&  J.  Eoadle. 
L,  H.  Parson. 

J,  Fleming. 
H.  A.  Stokes. 
Colb  aiid  Jenkins. 
Miss  E.  E.  Thornton 
Si.  J.  W.  Lippincott. 
Dr.  M.  J.  Rbees. 
Prof.  L.  Harper. 


W.  A.  Whitehead. 

G.W.Thompson,  G.  H , 
Cook,E.H.Bogardu5, 
&  J.  E.  Hasbrouck. 

E.  D.  Couch. 

A.  B.  NoU. 
J,  Fleming. 

Dr.  T.  Ryerson. 

W,  Brooks. 

Mrs.  J.  R.  Palmer. 

B.  Cole. 

J,  T.  Sergeant. 

Dr.  W.  J.  Chandler. 

Dr,  F.  A.  Ewing,  and 

E.  R.  Cook. 
Dr.  J.  Ingram. 
G,  Watson. 


P.O.  and  S.  I.  Vol.  I,  S.  0.,& 

S.  Coll. 
S.  O. 

P.  O.  and  S.  I. Vol.  i,  S.O.,  and  | 
S.  Coll. 


Am.  Aim.  1845  &  foil,,  MS.  in 
S.Coll.,&P,0.&S.  I.V0I.  I 
S,  O. 

Sill.  Joum.  and  S.  Coll. 

P.  O.  and  S.  I.  Vol.  I,  S.  O,, 

and  S.  Coll. 
S.  O. 

Pat.Off.  Rep.  1851. 

MS.  in  S.  Coll,,  printed  slip,  P. 

O.  andS.  I,  Vol.  y,  &S.  O, 

S,  O. 


P,  0.  and  S,  I,  Vol.1. 

S.  O. 

Am.  Aim.  1842  and  S.  O. 


5  The  observations  composing  thii 
'  The  observations  previous  to  18 
s  Observations  corrected  for  daily 


vere  made  at  Btanchburg  Township,  Mechanicsville,  and  Beadington,  all  within 
made  at  the  junction  of  the  Delaware  and  Rancocus  Rivers,  about  four  miles  nc 
leans  ofthe  general  table. 
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NEW  MEXICO. 

! 

Name  or  Station 

1 

4 

^ 

c. 

^ 

i 

,, 

1 

-E. 

i 

-1 

K 

>^ 

K, 

S 

< 

H 

^ 

^ 

^ 

•^ 

0 

Z 

p 

!.  AHquil 

36°  1 5 

loe-so' 

6^ 

74'.o6 

70^87 

64°.  86 

53°-2S 

2.  Albuquei^  el 

j5  oj 

106  38 

5032 

32°.77 

38=.*i9 

47  ".09 

55°.'o7 

65".'92 

74''.24 

78,36 

75.22 

68.80 

56.SS 

43°-29 

33°-39 

3,   CampCmarron 

69.99 

70.9S 

74-47 

67.01 

4.  Camp  Hummer 

j6  18 

16.67 

18.10 

25'.64 

42.40 

50.05 

62.18 

66.87 

47.10 

29.44 

30.37 

5.   Camp  R  0  M  mbrcs 

3"  j- 

107  56 

45.08 

59-03 

66.32 

6,  Cantonment     Bug 

wins 

7.  Ceboileta 

30  "S 

105  30 

7900 

21. 3i 

28.97 

37-55 

45-92 

54-45 

65-48 

68.52 

6^.62 

56-32 

46.72 

32.18 

20.89 

j5  15 

ro7  20 

6200 

32.90 

35-93 

44-50 

5«-36 

61.65 

72.52 

77-45 

75.55 

68.45 

59.06 

41.03 

30.49 

8.  DoEa  Ani 

J-  26 

106  48 

69.89 

78.94 

82.22 

81.50 

9.  El  Paso 

.)'  44 

106  32 

3830 

45.75 

49.25 

60.36 

74-31 

77.92 

87.36 

88-53 

87.05 

85.22 

70.00 

38-37 

10.  Fort  B-ucom 

^5    4 

103  50 

36.21 

45-4' 

53-25 

61.26 

75-03 

77-83 

81,23 

81-83 

77-43 

&..74 

54.27 

41.66 

11.  FortBajard 

,246 

10830 

4450 

3638 

39-56 

43-97 

51.67 

58.49 

69.25 

71.13 

69.91 

66.61 

57.87 

45-86 

38. 68 

£2.  Fort  Conn  I 

o3  47 

106  4S 

4576 

36.26 

41.99 

S'-3i 

60.87 

66.70 

74.21 

P-^ 

77.04 

69,99 

58.20 

43.60 

38-40 

13.   Fort  Lra  yS 

j3  3ei 

107  00 

4576 

38.03 

53-19 

61.30 

71.09 

79-30 

Si.  89 

79.12 

72.24 

47.09 

36,84 

14.  FortCunninsp 

j3  ^2 

107  40 

46.80 

49.14 

54-94 

64,30 

72,40 

77-88 

81.08 

7S.42 

76.52 

56. 60 

59.83 

46.66 

15,  FoctFaunlle  ly* 

35  ^) 

108  23 

49.50 

63.19 

70.48 

74-17 

71.66 

61.08 

51-54 

36.66 

32.46 

16.  Fort  Fillmore* 

32  14 

106  42 

3937 

43.57 

4S.'lo 

55-42 

63.90 

72.30 

81.78 

82.95 

81.55 

75.33 

65.82 

51.18 

43-67 

17.  Fort  Lowell 

^6    9 

106  40 

19.91 

20,95 

33-65 

41.07 

61.93 

54-69 

44.25 

31-19 

20.44 

18.   Fort  McRae 

o3  >'' 

107  03 

4500 

38.53 

40.41 

49-47 

61.70 

72-13 

78.53 

81.37 

78.03 

73.S0 

61.43 

48.59 

38-73 

19.   FortScHen 

33   2j 

'06  55 

44.12 

48.06 

55-45 

63-55 

72.89 

8'-53 

82-57 

So.  27 

74-77 

63-54 

51,89 

43-10 

20.  Fort  Stai  ton 

j3  2y 

105  3S 

34.61 

38-10 

44.52 

52.15 

61.06 

68.39 

69.40 

67.74 

61.38 

51-97 

41-56 

35-24 

31.  Fort  Simnec 

34  25 

10408 

39.27 

40.76 

47.68 

56-44 

68.54 

77.67 

78.78 

78.07 

71.92 

59-56 

47.26 

39-65 

22.   FortThornB 

32  40 

107  09 

4500 

37-5^ 

41.98 

51.03 

61.19 

68-33 

77.84 

So.  88 

77,14 

59.38 

58-24 

36.66 

23.  Fort  Unio  1' 

35  54 

10457 

6670 

32.03 

35.43 

40.83 

49.0S 

58-83 

66.49 

69.87 

67.46 

61-55 

51-35 

41 '56 

33-03 

24.  Fort  Webster 

32  43 

108  10 

5350 

35-96 

40.48 

46.30 

53-10 

59-44 

70,11 

75.15 

69.S9 

63.08 

53.85 

43.62 

42,82 

25.  Fort  West 

3j  00 

108  39 

53-22 

57.64 

67.56 

77-34 

77-44 

77-05 

45.80 

26.  Fort  Wingate 

35  30 

107  45 

30,14 

36.57 

43.48 

50-47 

60,58 

69-43 

73.80 

70.87 

64.19 

54-63 

41.05 

31.68 

27,  I^mii 

35  03 

107  14 

60D0 

38.91 

46.24 

57-43 

46.38 

40.10 

28.  Las  Vegas 

35  35 

6418 

33.3S 

31.20 

37-23 

47.07 

56.41 

67'.82 

71.41 

73.01 

66.47 

48.88 

32-9S 

31.73 

29.  Los  P    Cb 

34  51 

106  39 

5000 

33.07 

39.78 

50.49 

56.18 

67.20 

75-96 

79-72 

76.45 

60.53 

55-83 

41-31 

33-16 

30.  Rayalo 

3627 

104  55 

6000 

61.62 

7 1. 48 

3r,   Santa  Fb« 

35  41 

106  02 

6S46 

28.38 

33.21 

40.73 

50.27 

59-17 

69.36 

72.13 

70.01 

63-79 

51-79 

38-44 

29,25 

32.   Socon 

340s 

io5  so 

4560 

37.60 

38.05 

48-74 

57.31 

65.69 

76.46 

79.60 

80.48 

73,61 

60,38 

42.60 

33-30 

NEW  YORK. 

I.  Aduondick  ,      .      . 

44  00 

74  05 

34.49 

33-79 
4S-50 

48,03 

57-87 

64.18 

60.65 

2.  Albany     .... 

42  30 

73  44 

130 

25.00 

26,00 

34,00 

59.25 

66.25 

73-50 

71-50 

63.50 

49-75 

38.'i6 

27.00 

3.   Albany      .... 

42  39 

73  44 

130 

23.90 

26.7s 

32.11 

49.02 

60.32 

68. 67 

71.26 

72.06 

64.01 

51.33 

41.47 

29-34 

4.   Albany      .... 

42  39 

73  44 

130 

22.49 

26,46 

34-44 

47.71 

59.23 

69.87 

74.08 

70.99 

62.88 

49.94 

37-46 

2S.31 

5,   Albany  (Academy)  . 

42  39 

73  44 

130 

24-37 

24.73 

35-03 

47-74 

60.06 

6S.13 

72-24 

70.17 

61,38 

49-48 

39,16 

28.40 

5.  Albany     .... 

42  39 

73  44 

130 

24.14 

28.94 

34-35 

44.00 

55.31 

66.60 

7i.;8 

67-75 

59-44 

51.42 

39-09 

27.75 

.  7.  Albany        (Dudley 

4Z  40 

73  45 

21.71 

23-33 

3°-43 

45-22 

58.08 

69.31 

74-36 

70.50 

51,49 

47. 58 

37.59 

25-54 

Observatoiy) 

8.  Albany     .... 

42  39 

73  45 

75 

23-38 

2S.00 

38.50 

56.  So 

72.65 

72.90 

70.26 

50.78 

44.35 

37-10 

9.  AlLany     .... 

42  39 

73  44 

130 

23.29 

33-68 

45.87 

59.06 

68V26 

72.90 

70.13 

61,26 

48.97 

38-4; 

^7-5o 

10.  Albion      .... 

43  14 

78  14 

505 

32.S5 

3r-34 

40,26 

4S.48 

58.71 

67.08 

72.26 

70.81 

62.35 

53-75 

42.47 

34-So 

11.  Albion     .... 

43  14 

78  14 

505 

31.80 

29.21 

35-46 

43-17 

55.32 

69.05 

73- '4 

70.90 

62,77 

50.04 

43.37 

30.47 

12.  Alexander     .     .     . 

42  S3 

78  18 

58.37 

66.21 

71-45 

13.  Alfred       .... 

42  IS 

77  50 

17.19 

24.44 

29.40 

"*'  ^8 

73  33 

540 

21.79 

35.56 

41.54 

56.66 

66.55 

67.88 

67.86 

57-76 

46.99 

45.15 

2S.24 

15.  Angelica  .... 

7S  03 

1500 

16.59 

^Isl 

26.09 

41.74 

54.13 

55-55 

71,28 

55.63 

60.05 

45.23 

35-42 

25-15 

16.  Auburn    .... 

42  55 

7635 

650 

24.37 

25.08 

33-5' 

45.26 

54.84 

54.47 

69.38 

68. 23 

59.45 

48-23 

37-75 

29.54 

17.  Auburn    .... 

43  55 

76  35 

24.39 

25.38 

32-77 

44.  gs 

60-33 

68.73 

72.29 

63.86 

50.42 

38.74 

28.79 

18.  Aubutn         .     .     . 

42  55 

76  35 

23.65 

24.44 

32,92 

44.81 

55.98 

55.58 

70-75 

6S.97 

59-75 

47-83 

37-33 

29-55 

19.   BaldwinsviUe      .      , 

43  09 

76  20 

22.63 

24,69 

30.39 

42.09 

53-75 

64.17 

68.79 

66.03 

59.08 

47.29 

37-72 

25.76 

>  Obieriationsforfou 

r  years,  Sept.  1849,  to 

Dec.  1S54 

,0,9. 

^%;  "ii 

y  ivere  r 

■ferred  to 

7m  2.  %■ 

s  Observations  for  M 

ay  and  June,  1850,  at  T 

aos.     Po 

ontbs  of 

the  series 

,  the  obs 

rving  hours  were  ©^  9^  3^  9^;  a  con-eelion  was  a 

pHed  10 

refer  them  to  7^  3   9,. 

'  0 

bservatio 

as  for  nin 

-  months 

of  1854,  at  Q,,  9„  3^  9. ;  referred  to  7^  2^  9^. 

*  Also  known  as  Fort 

Lyon, 

fiO 

bservatio 

IS  prior  t 

185s,  a 

Or  9^  3.  9^;  referred  to  7^  2„  9,. 

•  From  January,  185 

,  to  September,  1S67,  i 

elusive. 

he  observ 

ations  w 

tFortM 

arcy,  about  one  mile  from  Santa  F4.     Previous  to 

855,  the 

observing  iiours  were  0 

9m  3^  9a''  they  have  be 

n  referre 

1  to  7.  2 

9.. 
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NEW  MEXICO. 

^ 

1 

i 

1 

, 

Semes. 

ZXTENT 

0.™. 

OnSliRVEK. 

Rkfrrf.nces, 

l 

5 

^ 

■^ 

Beg 

M,                Ends. 

rs.mos. 

HOURS. 

J 

1851 

0 

0r  9m  3t  9> 

Assistant  Surgeon, 

Av.  Met.  Reg.  1855, 

3 

S^^'-SS 

76'>V27 
71.81 

6°.32 

34°.78 

5S°.93 

Sept. 

1S49;  J^-iy,  1867 
1868 

14    5 

7„  2,  9, 

Ar.  Met,  Regs,  1855  and  i860, 

and  MS.  from  S.  G.  O. 
MS,  from  S.  G.  O, 

5 

39- 3^ 
55.81 

21. jr 

Oct. 

1867;    July,  1868 
1864 

0     3 

6 

45-97 

65.21 

45-07 

23.S9 

45-29 

May, 

1850;    Apr.  1S60 

''          '■         "   ! 

Ar,  Met.  Regs.  1855  and  1S60, 
and  MS.  from  S,  G.  0. 

I 

52.50 

&f. 

56.  .8 

33." 

54-25 

Dec, 

1849;    Sept,iS5i 
1851 

0  '" 

Or  9„  .3.  9. 

Ar,  Met.  Reg,  i8S5- 

9 

87.65 

44.46 

Aug. 

1850;    Aug.  1851 

63.18 

80.30 

64.15 

41.09 

62',iS 

FeS 

1864;   Oct,   1870 

7.,  t.  9, 

MS.  from  S,  G,  O, 

5I38 

70,10 

56.78 

3S.21 

54,12 

Mar. 

1867;   Dec,  1870 

3  lo  1     ■-.."■- 

59.63 

76.77 

57.26 

38.88 

58.14 

Oct. 

1851;   Mar.  1854 

2     6  j  0^  9^  3„  9^ 

Ar,  Met,  Reg.  1S55. 

'3 

61. 86 

So.  10 

59-SS 

39-62 

60.37 

Apr. 

1854;   Dec,  1870 

"3   1°        7m  2„  9^ 

Ar.  Met.  Regs.  [855  and  i860. 

and  MS.  from  S.  G,  O. 

14 
15 

63.88 

79-13 
72.10 

67. 65 
49.76 

47-53 

64-55 

Miir. 
Oct. 

1869;   Noy.lS7o 
i860;   Sept.  1861 

I     9 

MS,  from  S,  G.  0. 

16 

63-S7 

82.13 

64.44 

4S.11 

63.89 

Sept. 

1851;    May,  1861 

9    S 

Ar.  Met.  Kegs.  1855  and  i860, 
and  MS.  from  S,  G.  0, 

17 

43-38 

20.43 

Ang. 

1S68;   Apr.  1869 

0    9 

MS,  from  S,  G,  0. 

iS 

61.10 

79. '31 

61.27 

39.22 

60.23 

Mm. 

1864;   Dec.  1870 

'9 

63.96 

ST.46 

63.40 

45-09 

63-48 

Nov. 

1865  i   Dec.  1870 

4    8 

52-58 

68.51 

51,64 

35.98 

52.18 

Aug. 

1855;   Dec,  1870 

9  11 

Ar.  Met.  Reg,  i860,  and  MS. 
from  S.  G.  0. 

57-55 

78,17 

59. 5S 

39-^9 

58.80 

Apr. 

1864;   July,  1869 

MS.  from  S,  G.  0, 

60.18 

78,62 

57.48 

38.73 

58.75 

Jan. 

1S54;  J™.   1859 

Ar,  Met.  Regs.  1855  and  i860. 

23  I  49. 58 

67,94 

51.49 

33.50 

50.63 

Aug. 

1851 ;   Dec.  i8;o 

17     3 

Ar.  Met.  Regs,  1S55  and  i860. 

and  MS.  from  S.  G.  O. 

24 

52.91 

71.72 

53.53 

39-75 

54-48 

Feb. 

1852;   Dec,  1S53 

©r  9„  3„  9c 

Ar.  Met.  Reg,  1855. 

25 

59.47 

77-28 

.. 

1S63 

0     7 

7m  ^i.  9s 

MS.  from  S.  G.  O. 

51-51 

71-37 

53.29 

32,80 

52-24 

Nov. 

1862;   Dec.  1S70 

7    7 

27 

■  - 

41.75 

Oct. 

1S51;   Feb.  1852 

0    5 

Or  9m  3a  % 

Ar.  Met.  Reg,  1855. 

28 

46.90 

70-75 

49.44 

28,76 

48.96 

Jan. 

1850;   July,  1851 

I     7 

29 

57-96 

77.38 

52.56 

35-34 

S5-8I 

Jar.. 

1863;    May,iS65 

2    9 

7m  2.  9« 

MS,  from  S,  G.  0, 

30 

.851 

Or  9,a  3i  % 

Ar.  Met.  Reg,  1855. 

31 

50.06 

70.50 

51-34 

30.28 

50.54 

Jau. 

1849;   Dec.  1870 

t8    6 

7m  2^  9. 

Ar.  Met,  Regs,  1855  and  i860, 
and  MS,  from  S.  G,  O. 

32 

57.25 

78.85 

58,86 

36,32 

57.82 

Nov 

1849;   Aug,  1851 

I    9 

Or  9„  3.  9, 

Ar.  Met.  Reg.  1855. 

NEW  YORK. 

, 

35-44 

60,90 

■  ■ 

1852 

0    6 

mt°  Sn^n 

MS.  ill  S.  Coll. 

47.  ZS 

70.42 

50.14 

26,00 

4S.45 

„. 

1795;   Dec,  1796 

DeWi'lt. 

3 

47-15 

70.66 

52.27 

26.33 

49,10 

1813;   Dec.  1S14 

7m  3:,  % 

Dr.  Eyhts. 

47-13 

71.65 

50.09 

25.75 

48,65 

1820;   Dec.  1825 

6    0 

7m  2i.  9a 

Dr.  Beach. 

5 

47-6t 

70.18 

50.01 

25.83 

48.41 

1826;    Dec.  1849 

24    0 

Various  observers. 

N.  V.  Univ.  Syst.  1855. 

6 

44.89 

68,71 

49.98 

26-94 

47.63 

1850;   Dec.  1852 

3    0 

6m  2,  10, 

MS.  in  S,  Coll, 

7 

44.58 

71-39 

48.92 

23.53 

an. 

1S62;   Dec,  1S70 

9    0 

\7. 

Various  observers. 

Annals  of  the  Dudley  Observ'y 
Vol.2. 

8 

55.13 

29.49 

Jati. 

1865;   Apr.  1865 

7m  2.  9a  bl. 

H.  M.  Paine. 

S,  0. 

9 

46.54 

70.43 

49-56 

25,26 

47-95 

Jan. 

1795;   Dec.  1870 

4S  11 

1 

Various  observers. 

Consolidated  series. 

49.15 

70,05 

52.86 

33.00 

51.26 

845;           1848 

McHarf. 

Dove. 

44.98 

71.03 

52.06 

30.49 

49-64 

849 i            1S53 

'2  "8 

0r  9m  3„  9^« 

Hunger. 

MS.  in  S.  Coll. 

1851 

0    3 

Ip. 

'3 

1852 

0    3 

14 

67.43 

49.97 

23.38 

46.34 

Jan, 

1849;   July,  1850 

A.  "Wiiidieil! 

N,  Y.  Univ.  Syst,  185S- 

15 

40,65 

67-49 

47-23 

44.06 

May 

1854;    Dec.  1870 

3    4 

7m  2„  9. 

Dr.   E,  M.  Alba,  C. 
P.  Arnold. 

P.  0.  and  S.  I,  Vol.  I,  and  S,  0. 

16 

44.54 

67.36 

48.48 

26.33 

46,68 

Jan. 

1S27;   Dec,  1849 

22    0 

1 

W.  Y.  Univ.  Syst.  1855. 

>7 

46.03 

71.13 

51.01 

26.T9 

1    48.59 

Jan. 

1S60;    Dec.  .S65 

6    0 

7m  2.  9^  Mb 

J,  B.  Dill, 

S,  0. 

i8 

44-57 

68.43 

48.30 

25. 88 

46,80 

Jan. 

1827;   Dec.  1865 

28    0 

,m     y^M= 

Various  observers. 

Consolidated  secies. 

19 

42.  oS 

66.33 

48.03 

24.69 

45. 28 

1S49;    May,  1867 

16    0 

■ 

J,  Bowman. 

MS,  in  S.  Coll.,  P.O.  and  S.I. 
Vol.  I,  and  S.  0. 

'  Daily  means  computed  by  the  f 

imuk  «  +  2-^  + 

a  little  before  sunrise,  i 

.„.i3.,,o,...,™oi,o„,.a„ 

]   sun>!et,  and  n'  the  morning  otservalio 

on  the  following 

day.     The  results  thus  obtained  appear,  0 

a  the  average,  to  be  abo 

to=.5  too  high. 

1           8  Corrected  for  daily  variation  by 

means  of  the  gen 

eral table. 

B  Observations  sit  g^  3^  g^  in  May 

1.1 

June,  September,  October,  1850,  and  Mardi,  iSjl;  subseti 

icntly  at  7,,,  2^, 

Hosted  by 
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TEMPERA  T  U  B  E    TABLE  S, 


NEW  YORK.— Continued. 

Name  op  Station. 

S 

1 

■t 

s 

^ 

1 

i. 

s- 

i 

£■■■ 

1 

c, 

, 

S 

i 

1-1 

K 

h^ 

iS 

S 

< 

s 

•^ 

•^ 

< 

Ji 

0 

B 

Q 

20.  Barnesville    .     .     . 

42=38' 

74''26' 

30°.  48 

47°.  28 

6o''.20 

72=.  68 

21.  Beaver  Brook     .     . 

41  30 

74  37 

700 

34.95 

44,62 

59.28 

68.14 

76'''.oo 

71'=- 17 

&5°.'i5 

53''-43 

3S''',66 

24'>.32 

22.  BeUeville      (Union 

■ 

Acad.).      .      .      . 

43  47 

76  06 

300 

23°.73 

23°. 92 

32.64 

48.18 

56.50 

64.68 

69-59 

tf'^ 

60.04 

48,9s 

37.77 

25.93 

23.  Bellport   .... 

40  44 

72  52 

15 

31.12 

30,70 

37-39 

45-01 

54.35 

64-32 

69.17 

68,58 

62.10 

53.14 

42-54 

33-63 

24.  Beverly    .... 

73  56 

180 

24.79 

27.94 

35.35 

46.89 

57.55 

66,87 

72-37 

69.0s 

62.34 

50.76 

41.09 

29.06 

25.  Blackweirslskiid^. 

404s 

73  58 

zg 

22.31 

30.64 

33.  ^7 

46,99 

56,20 

68.48 

74.66 

72.24 

66,95 

54.13 

43-95 

35.06 

40  49 

73  58 

32.77 

40.77 

51-95 

60.88 

69-44 

74-22 

74-04 

69.26 

53-45 

47.40 

33-93 

27.   Bridgewater .      .      . 

42  52 

75  '7 

1^86 

20.64 

21:89 

29,88 

42,29 

52.98 

59.58 

66,64 

55.44 

44-66 

31-42 

23.68 

1&.  Brooklyn       .     .     , 

4041 

73  58 

125 

74-03 

77.03 

74.60 

65-94 

57-81 

46.26 

35-38 

29.  Buffalo     .... 

43  53 

78  53 

623 

23.41 

21    13 

35-49 

40,69 

55.29 

67-44 

71-55 

69.99 

59.89 

48-75 

37.22 

32,85 

30.  Buffalo  BarradfS     . 

42  53 

78  52 

660 

27.00 

H-62 

30. 85 

44.10 

52-96 

64.16 

68.35 

68,51 

61.S7 

45-55 

35.53 

39-55 

31.  Buffalo     .... 

42  53 

78  52 

569 

24.36 

26,39 

31-37 

43.63 

53-59 

65.04 

69,58 

68.53 

61.19 

49.51 

40.13 

28.40 

32.  Bufialo     .... 

42  S3 

78  52 

6ao 

24.75 

26,52 

32.61 

43-08 

53.06 

64-30 

70.34 

68.56 

61.78 

49.96 

39.35 

38.48 

33.  Buffalo     .... 

42  S3 

78  52 

600 

24.73 

27,49 

32,05 

43,12 

53-19 

^3-79 

69-65 

?o.ii 

60.94 

48.91 

38.75 

28.09 

34.  Caldwell  .... 

43  24 

73  43 

300 

74.03 

62,63 

49-35 

35.  Cambridge   (Wash- 

ington Co.  Acad.  J 

43  °° 

73  25 

500 

22.44 

21,45 

32.59 

44-19 

55-99 

64.82 

66.09 

58.29 

46.76 

36.56 

26.21    1 

36.  CanajohiiriefAcad.) 

42  SI 

74  42 

284 

20,97 

19.61 

30.46 

47-29 

58.33 

64.06 

70-34 

67.36 

58-69 

49,06 

37.87 

25,26 

42  55 

77  16 

590 

23-34 

21.09 

31.84 

45-94 

55-93 

65-70 

69,49 

66.80 

57.33 

47.85 

36-14 

26-68 

38.  Canton     .... 

44  3" 

75  " 

304 

17.94 

14.44 

26.04 

42,65 

57-18 

67.20 

72.50 

68,89 

48.74 

36,4s 

21.15 

39.  Caieiiovia  (Acad.)* 

42  55 

75  51 

1260 

21-43 

39-85 

42.87 

53-09 

61.99 

66,71 

64.61 

57.66 

45.84 

35.63 

24.69 

40.  Champion     .     .     . 

43  57 

75  41 

11.35 

24.30 

41.    Charlotte'       .      .      . 

43  'S 

77  37 

273 

25.47 

27.88 

33-93 

44-57 

54-69 

66.33 

70,65 

59.76 

62,22 

50-68 

40.S3 

39-23 

4J.  Chatham  .... 

42  24 

73  3^ 

35-57 

23.52 

30.40 

45.05 

56.90 

68,71 

7200 

59.36 

61.24 

48,19 

45-57 

20.56 

43.   Cherry  Valley  Acad. 

42  4S 

74  45 

1335 

22.03 

21.66 

30-30 

43-64 

53.84 

63,48 

67:68 

65.58 

57-82 

45-81 

34-36 

25.34 

44.  Clinlon    (Hamilton 

43  03 

75  24 

U27 

21.78 

24.25 

30.28 

43-70 

56-55 

65.84 

72.46 

69.39 

61-54 

49.75 

37.93 

28.44 

45-  Clockville     .     .     . 

43  00 

75  48 

1300 

24.63 

28.25 

40-33 

49.47 

66,90 

46.  Clyde  (near)      .     . 

43  05 

7fi  54 

400 

33,82 

37-35 

30.96 

44.77 

53.65 

63-61 

66.77 

65-35 

59-47 

50- 6a 

37-38 

3'. 95 

47.   ConstableviUe     .      . 

43  33 

75  27 

.. 

62.04 

6S.85 

64-89 

60,74 

48.  Constantii     .     .     . 

43   15 

7602 

434 

62.87 

49.  Cooperstown      .     . 

42  42 

74  57 

1300 

27.80 

19.48 

24-73 

46.50 

SS.63 

73.35 

69,13 

60.65 

46.22 

34-83 

26,06 

42  12 

7S18 

'S02 

18.10 

22,4s 

28.02 

40,41 

51,21 

6a.6o 

63-53 

63,22 

§5-'^ 

40-19 

33-61 

23.58 

51.  Dansville      .     .     . 

42  3S 

77  44 

714 

28,82 

31.53 

33-35 

46.S7 

52.20 

65,22 

68.95 

68,01 

60-80 

52.12 

37.50 

34-03 

51.   Delhi        (Delaware 

42  16 

7458 

1384 

22.82 

28,58 

33-59 

39-49 

55-30 

68.05 

68,9s 

64,69 

55-86 

45-93 

37-01 

31.45 

Acad  ) 
S3.  DepauWlle  (i  mile 

north  of)    .     .     . 

4406 

76  06 

350 

19.  H 

20.76 

29.20 

42,82 

53.10 

64.85 

69,57 

66.49 

60,32 

46-36 

35.96 

23.72 

54.  EastHampton(Ciin. 

Acad.)  .... 

40  58 

72  28 

16 

30. 13 

30.75 

36.36 

44-43 

53. 'S 

62.80 

69.68 

68,51 

62.54 

53.13 

42,27 

33-45 

S5.  Eden  (Brown  Cot- 

tage)    .... 

42  30 

79  07 

700 

13.25 

32,05 

35-99 

41.70 

54.07 

63.75 

72.47 

68,26 

62.60 

48,63 

36-30 

34-55 

56.  Ellisburg.     .     .     . 

43  4/ 

76  og 

250 

33-74 

22.82 

33.42 

48.65 

57.49 

64-73 

69-73 

66.94 

61.34 

48-72 

38.39 

26.53 

42  OS 

76  50 

860 

19- SO 

26,66 

32.15 

39-85 

56.09 

62.80 

67,8, 

64-29 

5S.55 

51,02 

33-90 

32,86 

58.  Fairfield  Academy  . 

43  05 

74  55 

'185 

'9-73 

19-73 

39-85 

42-57 

53-91 

62.53 

66,39 

65.79 

57-53 

46.02 

34.50 

23.98 

59.  Falconer  .... 

42  05 

79  10 

23.44 

27,90 

32.01 

60.   FishkiU  Landing     . 

41  30 

73  59 

42 

25,15 

27-51 

34,85 

47.47 

58.77 

68,45 

73-49 

70.48 

63.49 

52.79 

4115 

30,0s 

61,  Flatbush    (Erasmus 
Hall)« 

40  39 

73  S8 

54 

30.47 

31-57 

38.38 

48,41 

58.35 

67-51 

73-33 

71.34 

64,48 

53-68 

43.94 

34.31 

6z.  Flushing'      ,     .     . 

40  46 

73  48 

32-57 

29,1a 

33.  So 

49.65 

62.38 

72-55 

76,73 

74.13 

66.10 

55-50 

4'-98 

31,09 

63.  Fordham  (St.  John's 

40  54 

73  50 

147 

2i.3S- 

32.81 

37-" 

75-43 

65.21 

53.15 

44.35 

30,16 

64.  Fovt  Ann       .     .     . 

43  23 

73  28 

M30 

34-55 

36.05 

45.31: 

56,49 

60-37 

76.53 

78.1S 

75-IO 

60,84 

45-45 

42, 6S 

29.98 

65.  Fort  Columbus  .     . 

40  42 

74  o' 

23 

29.87 

30-53 

37.96 

48,47 

59.43 

69,46 

75.09 

73-38 

65-96 

54.57 

43.64 

33.50 

66.  Fort  Edward      .     . 

43  13 

73  33 

t75 

25-31 

21.00 

33-'3 

45.45 

57.79 

59,96 

70,74 

67-57 

60,85 

49,09 

35,06 

27.60 

1  Corrected  for  daily 

variation  by  means  of  the  general  table. 

«  Diuly  means  compi 

ted  by  the  formula  "           +2^+"   ^^^ 

e  ii  represents  an  observation  a  little  before  sunrise,  #  one  at  3^,  c  one  at  one  hour  after 

sunset,  and  0'  the  morninj 

T  observation  on  the  following  day.      The  r 

esults  thus  obtained  appear,  on  the  average,  to  be  about  o'-s'too  high. 

»  New  York,  Peniien 

tiary  Hospital, 
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NEW  YORK.- 

Continued. 

bj 

1 

1 

s 

.- 

Series.                Jextent 

Observing 

i 

Observer.           i 

REFFRENCt?. 

^ 

& 

■< 

g 

> 

Begins.             Ends.       jyrs.m 

OS. 

HOURS. 

: 

- 

*5°-99 

i8;o 

0 

4 

7m  2„  9,  Ms 

G.  S.  France. 

S.  0. 

42-95 

^l^.^^ 

2  =  .4I 

1854 

" 

° 

' 

C.  S.  "Woodard. 

p.  0.  and  S.  I.  Vol.  I. 

22 

45-77 

66.80 

48.93 

24".  19 

46°.42 

1830;   Dec.  1844 

9 

0 

I 

Vai-ious  obscrvei-s. 

N.  Y.  Univ.  Syst.  1S55- 

23 

45 '55 

67.36 

52-59 

31-82 

49-33 

Au' 

1857;   June,l862 

4 

7m2^9„y, 

H.  W.  Titii5. 

S.  0. 

24 

45.56 

69.43 

51.40 

48.66 

1851;   Dec.  1870 

17 

3 

T.  B.  Arden. 

IVIS.  in  S.  Coll.,  P.  0.  and  S. 
I.  Vol.  I,  and  S.   0. 

25 

45.62 

71.79 

S5.0I 

29-34 

50-44 

Jan. 

1856;   Nov.  1857 

1m  2s  9» 

Dr.  W.  W.  Sanger. 

P.  0.  and  S.  I.  Vol.  I. 

26 

51.20 

72.57 

56.70 

31.85 

53-o8 

1846 

0.2jO- 

Earle. 

Dove. 

Z7 

41.72 

63.04 

43.84 

22.07 

42.67 

Jan. 

1S33;   Dec,  1837 

4 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

28 

75.22 

56.67 

Ang. 

1S49;    Dec.  1870 

9 

7„,2„9a„„ 

Bea    &    son,    J.    P. 
Mailler. 

MS.  in  S.  Coll.  and  S.  O. 

29 

43.S2 

69.66 

48.62 

22.46 

46.14 

Jan. 

1831;   Dec.  1832 

Various  observers. 

N.  Y.  Univ.  Syst.  1S55. 

30 

42.64 

67.01 

47.65 

27.06 

46.09 

July. 

1S41 ;   Aug.  1845 

4 

7 

Of  9„,  3i  9, 

Assbtant  Surgeon. 

Ar.  Met.  Keg.  1855. 

31 

67-73 

50.28 

26.38 

46.81 

J"iy, 

1S59;   Dec.  1S67 

5 

7m  2.  9. 

F,.  Dorr. 

U.  S.  Lake  Survey,  1855. 

32 

42.92 

67.73 

50.33 

26.58 

46.89 

Jan. 

1854;   Dec.  1870 

12 

7 

W.  Ives,  E.  0.  Salis- 

b„ry. 

Climate  copy  of  Buffalo  1867,  P. 
0.  andS.I.  Vol.  l,andS.O. 

33 

42.79 

67.29 

49.53 

26.77 

46.59 

Jan. 

183!  ;    Dec.  1870 

8 

Various  observers. 

Consolidated  series. 

34 

1870 

° 

4 

7m  2„  9^  bb 

A.  M.  Strong. 

S.O. 

35 

44.29 

66.60 

47.20 

23-37 

45-36 

J^n. 

1827;   Dec.  1841 

14 

0 

i 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

36 

45.36 

67.2s 

48.54 

21.95 

45-77 

1830 

Dec.  1835 

3 

37 

44-57 

67-33 

23.70 

45.68 

]Z. 

1829 

Dec.  1S38 

H.  Howe. 

38 

41.96 

^9-53 

4S.55 

17.84 

44-47 

Aug 

1853 

Aug.  1858 

3 

7^  \  % 

E.  W.  Jolinson. 

P.  0.  and  S.  I.  Vol.  1,  &.  S.  Coll. 

39 

41.94 

64.44 

46-38 

22.78 

43.88 

Jan. 

1830 

Dec.  1870 

27 

7 

Various  observers. 

N.  Y.  Univ.  Syst.  1855,  P.  O. 

and  S.  I.  Vol.  I.  and  S.  0. 

40 

1844 

0 

2 

i  7m  9m  N. 

Dr.  F.  B.  Hough. 

MS.  in  S.  Coll. 

4' 

44.06 

6S.91 

51.24 

27-53 

47.93 

July 

1859;   Dec.  1867 

S 

^ 

7„W 

A.  Mulligan. 

U.  S.  Lake  Survey,  Rep.  1867, 
and  MS. 

42 

70.02 

Sr-67 

23.22 

47.26 

849;           1854 

C.  T.  Chase. 

P.  0.  &  S.  I.  Vol.  I,  and  S.  Coll. 

43 

4259 

65-58 

46.00 

44.30 

Jan. 

1827;   Dec.  1845 

15 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

43-51 

69.23 

49-74 

24^82 

46.82 

Jan. 

1852;    Mar.  1865 

6 

10 

7„3.9.u= 

Prof.  0.  Root,  Dr.  H. 
M.  Paine. 

P.  0.  and  S.  I.  Vol.  I,  MS.  in 
S.  Coll.,  and  S.  0. 

45 

39.35 

1850 

5 

Or  9m  3.  9,, 

S.  Coll. 

46 

43-13 

65.21 

49.16 

46.30 

Jan. 

1861;    Jnne,ig62 

6 

7m  3^  9.1^ 

M.  Mackie. 

S.  0. 

65.26 

851;            1853 

4 

Of  9m  3.  9. 

Fairohild. 

S.  Coll. 

48 

1861 

7m2„9»M» 

S.  Clark. 

s.  0. 

49 

43-^9 

71-45 

47.33 

24-45 

46'.6i 

Oct. 

1869;    Dec.  1870 

3 

G.  Pomeroy  Keese. 

50 

39.88 

63.11 

42.6i 

21-39 

41.76 

840;            1841 

Fallcott. 

Regents'  Report. 

5' 

43.81 

67.39 

50.14 

31-46 

48.20 

Tan. 

1861;   Deai863 

7o,2^9„b|, 

J.  J.  Brown. 

s.  0. 

53 

42.79 

67-23 

46.26 

27.62 

45-98 

Jan. 

1S28;   Dec.  1852 

3 

° 

' 

S.    C.    Johnson,    D. 
Shcpard. 

N.  Y.  Univ.   Syst.   1855,   and 
MS.  in  S.  Coll. 

S3 

41.71 

66.97 

47.55 

21.24 

4437 

Feb 

1865;   Dec.  1870 

5 

11 

7„  =:>  9^  M. 

H.  Haas. 

S.  0. 

54 

44.66 

67.00 

52-31 

31-44 

48- S5 

Jan. 

1827 ;   Dec.  1S43 

17 

0 

* 

Various  observei-s. 

N.  Y.  Univ.  Syst.  1855. 

5S 

4059 

68.16 

49.18 

26.62 

46.14 

Mar 

1856;   Dec.  1857 

, 

I 

7„  2,  9, 

S.  &  A.  S.  Landon. 

P.  0.  andS.  I.  Vol.  I. 

56 
57 

46- 5  ^ 
42.70 

67., 3 
64.97 

49.48 
47. 82 

24.36 

46.87 
45.46 

Dove,  1S57. 
MS.  in  S.  Coll. 

26.34 

J-- 

1852V  Oct.   1852 

0 

10 

6„  \  10, 

Various 'JbsVrvers. 

58 

42.11 

64.90 

46.02 

21.15 

43- 54 

V- 

1837;   Dec.  1849 

20 

10 

2 

N.   Y.   Univ.    Syst.    1855,   and 
Ma.  in  S.  Coll. 

50 

1S54 

3 

7m  %  % 

L.  A.  Langdon. 

P.  O.andS.  L  Vol.  I. 

60 

47.03 

70.81 

52.^8 

27.58 

49-47 

J^n. 

1854;   Oct.   1866 

10 

5 

7m  \  %  bis 

W.   H.   Denning,  W. 

Harkness. 
Various  observers. 

MS.  in  S.  Coll.,  P.  0.  and  S.  I. 

Vol.  I,  and  S.  0. 
N.  Y.  Univ.  Syst.  1855,  MS.  in 

S.  Coll.,  P.  0.  andS.  I. Vol. 

I,  and  S.  0. 

61 

48.38 

70.7a 

54.03 

32.12 

51.31 

J.. 

1S26;   Dee.  1S70 

39 

9 

62 

48.61 

74-47 

54.53 

30-93 

52.13 

J"iy 

1855;   Dec.  1870 

1 

0 

7™  2.  9. 

P.  0.  and  S.  I.  Vol.  I,  and  MS. 

from  S.  G.  0. 
P.  O.andS.  I.  Vol.  I,  and  S.O. 

63 

54.24 

28.11 

Feb 

1856;   Mar.  1862 

I 

0 

7m  \  %  bl! 

J.    Aubier,    Prof.    J. 

Monroe. 

64 

54.06 

76.60 

49.66 

33-53 

53.46 

Nov 

1863;   May,  1866 

2 

0 

1>.  A.  McMoore. 

s.  0. 

65 

48.62 

72.64 

54-72 

31.30 

5'.S2 

Oct. 

1821;   Dec.  1870 

48 

8 

7m  \  9. 

Assistant  Surgeon, 

Ar.  Met.   Reg.   and  MS.   from 
S.  G,  0. 

66 

45.46 

69.42 

48. 67 

24.64 

47.05 

Nov 

1857;    May, 1870 

^ 

^ 

Prof.   S.  Tias,  J.    S. 
Cooley. 

P.  O.andS.  I.  Vol.  1,  and  S.O. 

'  Observations  atlor  1849,  at  7„  2^  9,; 

hey  were  referred  to  the  New  York  Academy  sy.stera  by  means  of 

lie  general  table. 

5  Observations  previous  to  June,  i860, 

t6„9„3a6.!  referred  t 

7„  3.  %■ 

s  Observations  after  1S49,  at  7,„  2^  g^;  referred  to  the  New  York 

Academy  System. 

'  Observations  at  Flushing,  Willett's  Po 

nt  and  Fort  ScTniylct  co 

ibined. 
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NEW"  YORK 
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^ 

M 

4 

1 

Name  of  Station. 

s 

J 

% 

s- 

i 

i. 

t; 

s 

SJ 

J 

M 

>2, 

fe 

s 

< 

s 

^ 

~- 

<: 

^ 

0 

;^. 

a 

67.  Fort  Hamilton      . 

40°36' 

74''o2' 

25 

30'.  06 

30°.  79 

37°-4i 

47°- 59 

SS^ii 

68=.43 

73°-97 

73°. 17 

66''.43 

55''.o2 

44°-52 

33''-73 

68.  Fort  Niagara   .     . 

43  IS 

7905 

a63 

26.71 

26.98 

33.34 

43.32 

54.59 

65.12 

70-53 

69.56 

61.62 

50-49 

39-75 

29.17 

69.  Fort  Ontario    .     . 

43  34 

7f.  12 

29s 

24.21 

23,26 

30,94 

42-87 

51.76 

62.23 

69-57 

68,28 

61.56 

48.49 

38.55 

26.74 

70.  Fort  Porter      .     . 

42  50 

7855 

660 

24.32 

25-58 

30.90 

41.26 

52,26 

66,09 

72-03 

70.16 

50.83 

39-37 

27.77 

71.  Fort  Wood       .     . 

40  42 

74  11 

30.42 

26.57 

36.36 

45  ■09 

55-72 

67-45 

73-34 

71.67 

63.78 

55.44 

32.24 

72.  rredonia(Acad,)  . 

42  26 

79  21 

715 

28.37 

27.75 

35-16 

45-S5 

56.67 

65.23 

70.66 

68,47 

61.01 

50,93 

39.71 

31-06 

73    Fnend  h  p 

4      2 

78    0 

536 

15-75 

29.72 

27.71 

43.05 

47-95 

65,90 

66.18 

65.23 

56-93 

45-65 

38.07 

23,52 

74    G   nes  (A     1  my) 

43     0 

78     5 

427 

^5-37 

28.38 

34-46 

46,54 

54.48 

62.99 

71,76 

66,48 

59.83 

47,69 

35-25 

28.45 

75    Gene  a 

42  5 

77  00 

50 

24,87 

3>.6i 

43.82 

54-09 

65,7s 

71.89 

68.09 

61,51 

49,91 

39-34 

28,79 

76    Gemano   n 

4    OS 

7    52 

20.62 

25-15 

34-12 

45.62 

55-06 

68.76 

73-19 

65-30 

61.10 

51.45 

40,70 

25.82 

77    <_las  0 

4    00 

7400 

50 

31-93 

26.28 

30.20 

48.25 

55-20 

71-75 

72-95 

69.20 

61.35 

50.00 

38.58 

28.28 

78    Go  hen   {F  nii 

Hall) 

41  23 

74    0 

4  5 

25.66 

26.31 

36.51 

47.42 

56.22 

64-73 

6S.70 

67,64 

59-76 

48,81 

38-79 

28.01 

79    Gon  eraeur 

44    0 

75    7 

400 

17.23 

18.17 

28,56 

42.89 

54-81 

64.11 

69,70 

66,71 

56.67 

45.59 

33-73 

20.94 

80    G  een  He  (A    d  ) 

42    4 

4  0 

30.27 

27.48 

33.78 

40.18 

6?.  51 

66,73 

68,88 

6S.72 

61.73 

51.26 

36-96 

28,13 

8      Han  Ion  (A  ad) 

4    48 

S    9 

7 

22,91 

22.95 

31.80 

45-43 

54-97 

63.08 

67.36 

65.86 

58,28 

45-88 

35-64 

26.36 

8      Ham  Iton 

4    48 

75    9 

127 

21.33 

26.68 

31-52 

40.79 

55-20 

62,06 

67-75 

65.14 

58.71 

49.48 

35. 76 

25-55 

83    Hiitw   k  (Sem  ) 

42  37 

75  00 

24,27 

25.22 

33-S9 

44.42 

56.48 

65,08 

68.25 

66.72 

58-75 

48,46 

28.19 

84    Havaia 

42  30 

73  30 

04 

25.13 

85    Henrietta 

43  °3 

77    9 

600 

29.70 

zi'iS 

38-44 

48.31 

58.70 

64.95 

69.76 

66.57 

60,07 

51-31 

39.48 

30.76 

86    H  rmitage 

4     4'; 

7S    6 

500 

2326 

2344 

26,74 

39-40 

50-74 

60,57 

64.^9 

64.31 

36.31 

46,62 

35.46 

26.64 

87    Horn      (Cou   1  ni 

4       S 

7 

09 

2290 

2251 

42.40 

53-93 

61,67 

65,92 

64,22 

56.45 

46,53 

35-81 

26.96 

83    House   lie 

4     40 

5  32 

900 

2093 

21 40 

28,37 

38,89 

5'-56 

64.97 

69.16 

65.18 

57.79 

46,81 

34.28 

20.24 

89    Hudson  (A  ad  ) 

4      4 

3  47 

50 

25  '9 

2578 

34-85 

47-61 

58-93 

67.62 

71.53 

70.06 

61.91 

50-33 

38,92 

28.53 

go    Hunt    gd 

9      Ith  c  (AcaJ  > 

40  5 

73  27 

50 

26. 

29. 

24. 

49. 

63. 

65- 

75-         71- 

69. 

54. 

42. 

31- 

42  25 

76  30 

4  7 

27.78 

27-78 

34-90 

46.73 

57-82 

65.42 

70. 78 

68.68 

60.35 

49.20 

38. 97 

31.02 

Qi    Tana   a      (Lno 

Hal!) 

40  42 

7348 

30 

29.42 

29.34 

37-<H 

47-25 

56-96 

65.71 

71-23 

70.58 

62.79 

51-85 

41.72 

32.51 

93    J  me   own 

42  06 

79     <• 

I   h4 

24-58 

32.68 

43-38 

57-16 

65,9s 

68.67 

66.26 

60.94 

48.39 

36,62 

29.28 

94-  Je     ho 

40  47 

33 

44-11 

95    Johns  0   n(Aad) 

42  59 

74  22 

»250 

Z1V27 

22,14 

31-68 

43-So 

55.S9 

64'.'76 

68".89 

67.70 

58.16 

46-73 

34.97 

2^.83 

96    KndehookiAi^) 

4    2 

73  23 

S 

22,90 

23.32 

33-74 

46.30 

57,26 

65-44 

70.15 

68,47 

60,30 

47.54 

38. 2S 

25-24 

97    K    gs       (Ad) 

4    55 

7400 

b8 

26.66 

27.31 

37.20 

49-37 

59.53 

67,22 

72,76 

70.93 

63.29 

50.54 

41.02 

30.90 

98    L,  Fa  ^e    He 

44    2 

70  00 

26.00 

32.67 

32,67 

42.67 

58,^ 

65.CKD 

72.00 

66.33 

62.00 

51-33 

32.67 

24.00 

99    La      igbu  gh 

42  45 

73  40 

30 

24,83 

34.34 

47.00 

58.67 

67,4s 

71.68 

69,89 

61.89 

49.96 

38.21 

26.63 

(A  ad) 
ic«.  Ledya  d   (Cayuga 

Acad) 

42  43 

76  42 

447 

28,70 

28,18 

36.91 

46-59 

56-55 

66.15 

72,27 

70,71 

62.96 

50-53 

29,80 

loi.  Lerty 

42  57 

78  03 

41.87 

56.90 

71-50 

77.20 

102.  Lewis  0    (&  H  gh 

School) 

43  09 

79  04 

280 

27,23 

26,92 

34-80 

46.32 

56.91 

64.S0 

71.56 

69.94 

61, 88 

50,10 

39-70 

29-94 

103.  Leyden 

43  34 

75  22 

1313 

22,76 

16,01 

25. 58 

40,25 

52.73 

57.83 

66,33 

61,35 

59-05 

39.74 

28.53 

23.52- 

104.  Libe  ty 

4    45 

74  40 

'474 

.8,19 

20.13 

26,71 

39.95 

51.59 

62,62 

68,79 

64.34 

56.63 

47- 84 

33-95 

36.32 

105.  Lima 

4    S3 

77  40 

23.63 

30-75 

106.  Lisk 

7602 

53.39 

107,  Litt  e  Ge  esee 

42  00 

7S  15 

1500 

22,13 

23.58 

28.65 

43.26 

52.38 

65-44 

68,97 

64.97 

58-50 

45-27 

35.58 

34.47 

108.  Lockpo  * 

43  09 

7844 

24,2 

27,6 

33-2 

40.4 

53-7 

66.3 

68.8 

66.7 

59-6 

49-9 

43-9 

34.4 

109.  Lod« 

4      6 

76  so 

1000 

23.43 

24.09 

30.19 

42,02 

56.57 

67-49 

72,25 

6S.36 

62,  iS 

49-37 

37.05 

26.43 

no.  Low    lie  (A  ad) 

43  47 

75  3° 

847 

19.75 

21,49 

29,7s 

43-70 

54-59 

62-61 

67.91 

64,84 

57.43 

45-80 

34.45 

23,40 

III.  Uidov    He 

42  33 

76  35 

600 

28,40 

27.63 

26.  S3 

45.90 

55.85 

66.68 

70,73 

69.28 

43     8 

73  50 

500 

35.33 

24,10 

"3-  J?°^ 

43  04 

77  02 

24,90 

26,22 

31-80 

42,64 

54-73 

63',o6 

67'.i3 

66,39 

57-94 

49.67 

38,04 

28.90 

114.  Mcr  avvile 

42  34 

76  II 

1450 

9.23 

30.52 

25.65 

35-72 

51.98 

61.16 

70,01 

64,66 

59.43 

46,48 

35-46 

32.07 

115.  Mad        Banacks" 

43  57 

76  04 

262 

21.79 

32.89 

44.35 

54-56 

64,49 

69,08 

68.96 

60,62 

49-49 

37.88 

25.87 

116.  Madiid  .... 

44  43 

75  09 

280 

'6.73 

i8!o6 

29,62 

40.39 

56-53 

66.62 

72.  M 

69,18 

59,06 

46.49 

35.10 

22.13 

■  Daily  means  comp 
sunset,  and  a'  the  momi 

5  obtained  appear 

g  observation  on  the  following  day.      The  reiults  ch 

on  the  average,  to  be  about  0^,5 

00  higli 

i 
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WEW  YORK.— 

Continued, 

1 

i 

B 

i 

. 

Seriks. 

ExTEN-i    Observing 

OlibERVKR. 

References, 

67 

1 

1 

% 

1 

Beg 

ns.           Ends. 

yi-5,m 

OS,          HOURS. 

47°.  70 

7i°.86 

55°-33 

3'''-53 

5i°.6o 

Jai,. 

1843;   Dec.  1870 

27 

2 

7m  2,  9. 

Assistant  Surgeon. 

Ar.  Met,  Reg.  and  MS.  from 

S.  G.  0. 
Ar.  Met.  Reg.  1855,  and  U.  S. 

68 

43-75 

68.40 

50.62 

27.62 

47.60 

Jan. 

1829;   Dec.  1867 

22 

3 

L.  Leffman,  Assistant 

Lake  Survey,  Rep.  of  1867-8. 

69 

41.S6 

66.69 

49.53 

24,74 

45-71 

Ja». 

1843;   Dec.  1870 

0r  9m  3.  9. 

Assistant  Suigeon. 

Ar.  Met.  Regs.  1855-60. 

70 

4>-47 

^■43 

51-04 

25-89 

46.96 

Jan. 

1849;   Dec.  1870 

8 

9 

1^  \  9» 

Hosmer. 

MS.  from  S.  G.  0.  and  S.  Coll. 

71 

45-72 

70,82 

53-75 

29,74 

50.01 

1S37;            1838 

Assistant  Surgeon. 

Army  Register. 

72 

45- sg 

68.13 

50- 55 

29,06 

48,41 

Mar. 

1829;   Feb.  1864 

20 

9 

' 

Various  observers. 

N.  Y.  Univ.  Syst.  1855,  MS.  in 
S.  Coll..  and  S.O. 

73 

39-S7 

65.77 

46.38 

22.66 

43-72 

Not. 

1S66;    Nov,  1867 

7m2«9,M, 

G.  W.  Fries. 

s.  0. 

74 

45- '6 

67,08 

47-59 

27.40 

46.S1 

Jau. 

1839;   Dec.  1842 

4 

1 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

75 

43-17 

68.59 

50.25 

24.92 

46-73 

Feb. 

1S52;    Aug,  1868 

6 

3 

7.2,9.,,, 

P.  0.  and  S.  I.  Vol,  1,  MS.  in 
S.  Coll.,  and  S.  O. 

75 

44-93 

69,08 

23,86 

47,24 

ISIay, 

1866;   May,  1868 

S.  W.  Roc. 

s,  0. 

77 

44-55 

71-30 

49.98 

28.S3 

48. 66 

J-. 

1870;   Dec.  1870 

0 

D.  B.  Hendricks. 

78 

46,72 

67,02 

49,12 

26,66 

47.38 

Jnii. 

1835;   Dec.  1849 

I, 

0 

1 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

79 

43,09 

66.84 

45.33 

18.78 

43.26 

Jan. 

1831;   Dec.  1870 

28 

^ 

7m  2^  9.  V.U 

N.  V.  Univ.  Syst.  1855  and  P. 
0.  and  S.  I.  Vol.  I,  and  S.  0. 

80 

45-49 

68.13 

49-98 

28.63 

48,06 

1826 

E.  B.  Wlieelec. 

N.  Y.  Univ.  Syst.  1855. 

81 

44,07 

65-43 

46.60 

24,07 

45-04 

Jan. 

1827;   Dec.  1849 

18 

Various  oljservers. 

42.50 

64.98 

47-98 

24-49 

44.99 

Sept. 

1S50;   Dec.  1S52 

4 

6m  2,  10. 

Manuscript. 

S3 

44-93 

66,68 

48,44 

25,89 

46,49 

Jan. 

1826;   Dec.  1S50 

16 

f 

N.  Y.  Univ.  Syst.  1S55. 

4 

i860 

1m  \  %^,\a 

E.  C.  Frost. 

S.  0. 

85 

48.^3 

67,09 

50,29 

29,65 

48.88 

Jan. 

1835;   June,  1862 

5 

6 

J.  S-Wbitaker,  E.  D. 
Ransom,  A.  S.  Wads- 
worth. 

N.Y.Univ.  Syst.  1855,  &S.0, 

86 

38.96 

63.12 

46,13 

24-45 

43-16 

Nov. 

i860;   Aug.  1864 

3 

7^^:,%b,, 

A.  A.  Hibberd. 

S.  0. 

87 

42,4s 

1^3-94 

46,26 

24.12 

Feb, 

1829;    Feb.  1856 

^ 

Various  observers. 

N.  Y,  Univ.  Syst.  1855,  P.  0.  & 
S,  LVol.  I,  &  MS.  in  S.  Coll. 

88 

39.61 

66,44 

46,29 

20.S5 

43.30 

1849;    Oct,    1870 

9 

4 

7m  2^9™  Ms 

W.  D.  Yale. 

P.  0.  and  S.  I.  Vol.  I,  S.  C,  & 

S.  Coll. 
N.  Y,  Univ.  Syst.   1855,  MS. 

89 

47-13 

69.74 

50-39 

26-50 

48-44 

Jan. 

1827;    Jan.    1870 

19 

9 

1 

Various  observers. 

in  S.  Coll.  and  S,  O. 

90 

45.33 

70-33 

55-00 

28.67 

49-S4 

Sept. 

1821;   Aug.  1833 

Sketch  of  Long  Island. 

N.   Y.   Univ.  ^yst.    1S5S,   and 

9' 

46.48 

68,29 

49-5" 

48.29 

Jan. 

1837;   Dec.  1852 

VariQus'obsVrvers. 

MS.  in  S.  Coll. 

92 

47- 28 

69,17 

52,12 

30.42 

49-75 

Jan. 

1826;   Dec.  1850 

25 

0 

: 

N.  V.  Univ.  Syst.  1855. 

93 

44.41 

66.97 

4S.65 

24.69 

46.18 

Jan. 

1852;   Mar.  1866 

3 

4 

7m2„9iW, 

Dr.S.W.RoeSLOtliers. 

MS.  in  S.  Coll.  and  S,  0. 

94 

1849 

Wills. 

S.  Coll. 

95 

43-^ 

67'.12 

46.62 

22.75 

45-04 

Jan. 

182S;   Dec.  1845 

16 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

96 

45-77 

68.02 

48.71 

23.82 

46-58 

Jan. 

1830;   Dec.  1846 

17 

T.  Metcalf. 

48,70 

70,30 

51.28 

28,29 

49.64 

Sept. 

1828;   Nov.  1S69 

19 

Various  observers. 

N,  Y.Univ.  Syst.  l855,andS,  0. 

44-45 

67.78 

48.67 

27.56 

1851 

0.  N,  G, 

Rothers 

Pat.  Off.  Rep. 

99 

46.67 

69. 68 

50,02 

24.71 

47.77 

Jan. 

1826;   Dec.  1852 

23 

° 

Various  observers. 

N.  Y.  Univ.  Syst.    1855,  and 
Reg.  Rep. 

;^ 

46.68 

69,71 

5'.36 

28.89 

49-16 

Jan. 

1830;   Dec.  1850 
.854 

13 

4 

7„2„ 

L.  F.  Munger. 

K.  Y.  Univ.  Syst.  1855. 
P.  0.  and  S.  I.  Vol.  I. 

102 

46.01 

6S.77 

50.56 

2S.03 

48.34 

May, 

1830;   Dec.  1849 

18 

s 

, 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

103 

39-5^ 

61.83 

42-44 

41,14 

Mar, 

1869 ;    July,  1870 

7„  2„  9„  tu 

C.  Collins  Merriam. 

s.  0. 

104 

39.42 

65-25 

46.14 

21.55 

43-09 

Jan. 

1852;    Apr.  1856 

2 

3 

t  ""'' 

Various  observers. 

P,  0.  &  S.  I.  Vol.  I,  &  MS,  in 

S.  Coll. 

s,  0. 

105 

1861 

0 

2 

7™2a9„bu 

Prof.  S.  A.  Lattinier. 

106 

1849 

Or  7m  3i  % 

Miicbell. 

S.  Coll. 

41.43 

66,46 

46.45 

23.39 

44-43 

Feb. 

1866;   Dee.  1S70 

4 

7|i.2„9„l,l= 

D.  Edwards. 

S.  0. 

loS 

42-43 

67,27 

51-13 

28.73 

47-39 

Nov. 

1848;   Dec.  1870 

6 

J.  G.  Trevor,  Giddings, 
B,  W.  Clark. 

MS.  in  S.  Coll.  and  S.  0. 

109 

42-93 

69-37 

49-53 

24.65 

46,63 

1849;   Jan.    1858 

8 

8 

7m  2„  9. 

J.  Lefferts. 

P.  0.  &  S.  I.  Vol.  T,  &  S,  Coll. 

42.69 

65.12 

45-89 

21.55 

43,81 

Jan. 

1827;   Dec,  1857 

24 

3 

1 

Various  observers. 

N.  Y.  Univ,  Syst,  1855,  MS.  in 
S.  Coll,  &  P.  0.  &  S,  LVol.  I. 

112 

42.86 

68,90 

1870 

° 

I 

7m\%w, 

C.  P.  Murphy. 
A.  M.  Strong. 

S.  0. 

"3 

43,06 

65.52 

48.5s 

26.67 

45-95 

Jan. 

1861;    Aug.  1862 

8 

E.  W.  Sylvester. 

114 

37-78 

65-28 

47-12 

23.94 

43.53 

Sept. 

1856;   Sept.  1857 

7m  2^  9^ 

J.  M.  Smith, 

P.  0.  and  S.  1.  Vol.  I. 

115 

43-93 

67,51 

49-33 

23,82 

46-15 

Jm,, 

l824i   Dec.  1870 

iS 

3 

Assistant  Sui^eon. 

Ar.  Met,  Reg. 

116 

42,  ,8 

69.3S 

46.88 

18.97 

44-35 

Jan. 

1849;   Jan.   1S59 

5 

7 

7„  2.  9, 

E.  A.  Dayton. 

RO.andS.  LVol.l,&S.  CoU, 

a  Altitude  688  feet,  according  to  E 

egeiils'  Report, 

a  Corrected  fo 

r  daily  variation  by  mea 

as  of  the  general  table. 

<  Series  approximately  corrected  f 

r  daily  variation ; 

observations  often  interrupted  and  hours 

f  observation  changed. 

G  Also  called  Tow«se»dmlle  and 

ov^rl. 

0  Observation 

p„,l.,.  .0.8.9  not. 

ry  reliable. 
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NEW  YORK. -Continued. 

Name  of  Station. 

t 

J 

M 

k 

.0 

^ 
s 

'B. 

S- 

1 

j 

1 
< 

1 

. 

i 

la 
2°.S5 

i 

117.  Malone    (Friinkliii 

Acad.).      .      .      . 

118.  Marathon    .      .      . 

44" SO' 
43  25 

74° 1 8' 
75  02 

703 

iS'>.24 

24''.4S 

3i''.42 

25.53 

45''-o7 

%Z 

60  =  .22 
59.43 

36°. 90 
69.63 

j°.45 

5°-'7 

1 
6°.92 

....„ 

119.  Martinsbuigh  .     . 

43  43 

75  28 

50.30 

55-60 

64-93 

..            .. 

120.  Mexico  (Acad.)    . 

43  27 

76  14 

331 

21.90 

23-39 

30,88 

41-93 

52.23 

62.84 

66.89 

65.86 

S8.63 

46.40  1 

34.78 

25.95 

lai.  Middlebury(Aci) 

122.  Milo.     ... 

123.  Millville    (Acad  ) 

124.  MiiiaviUe     . 

125.  Motawk     . 

126.  Montgomery  {Aca  ) 

127.  Moriches*   . 

128.  Morley  .     . 

129.  Morrisania    (Fair 

mount  Inst.) 

130.  Mt.  Pleasant  (Aca) 

131.  Newark  Vailey 
133.  Newburgli(Acad) 

4248 
4^  39 
43  10 

42  54 

43  00 
41  32 
40  47 

44  40 
4050 

78  08 

74  '5 

75  02 

75  0° 
73  54 

800 
S68 
600 

435 
300 
'3 

^50 

26.27 
28.53 
26.00 

St 

25-36 
30.81 
18.B7 
24.93 

26.28 

-a 

16.93 
22.69 
27,02 
33-49 

33-96 
25.43 
32.28 

a:S 

36.63 
38-39 
25.01 
32.27 

45-55 
42,40 
42.33 
47.63 
49.14 

46.;do 

56.00 
55-14 
54-69 
57.02 
54-89 
58.36 
58-45 

57.8a 

64.59 
6598 
69.07 
68.05 
70-39 

68-75 
68. 74 
68.34 
73-52 
69.64 
72.34 
74.40 
71.17 
75-77 

66.91 
67.09 
67.73 
69.92 
67.73 

?°;£ 

68.70 
74.7s 

IMS 

66.60 
56.33 
67.31 

48.00  1 

45.96  ' 

46.63 

46.67 

47.93 

49.23 

54-27 

42.20 

55.51 

37-22 
35.44 
37-76 
34.08 
36-87 
39-47 

S;S 

43-24 

29.17 

28^99 
20.92 
23.12 
29.03 
34-10 
17.59 
37-49 

41  03 
44  ao 
41  3' 

73  5^ 
75  30 

74  OQ 

125 
74 

37.96 
24.14 
2S.29 

27.60 

38.04 
27.05 

36.13 

48.34 

41.77 
48.37 

57-87 
54.65 
59.02 

67.68 
65.52 

71.40 
70.80 
72-75 

71.12 
66.45 
71.05 

62.49 
58-74 
64.20 

50-63 
45.22 
52.52 

40.29 
35-03 
42.03 

30.24 
26.43 
29.81 

133.  New  York  . 

134.  New  York. 

135.  New  York  (D    c 

40  4a 
40  42 
40  50 

7401 

74  01 
73  5^ 

56 
25 

25.25 
30-52 

27.27 
30.80 
31.04 

38-75 
38-50 

37-49 

49.32 
49.10 

48.45 

65.97 
59.60 
5S.85 

80.37 
69.  .0 
69,74 

Si. OS 
74.90 
75-04 

80.82 
73-30 
73.07 

67.10 
65.90 
65.54 

54.27 

40.ro 
43.50 
44-38 

36.50 
33-90 
34.23 

136.  New  York  (U    S 

Nav,  Hosp.) 

137.  New  York". 

138.  New  York*. 

139.  Nicliok  .     . 

40  41 
40  +5 
40  45 
42  01 

7i  57 
73  5S 
73  58 
76  28 

56 
42 

sS 

29.61 
24.22 

37.91 
37-28 
37.63 
32-52 

48. 70 
49.29 
48.78 
44.14 

58.68 
58.74 
58.76 
55-79 

70.43 
70-15 
69.69 
65-47 

75-07 
75.30 
75-06 
69.81 

73.20 
67-13 

65-31 
65.49 
65-59 
59.65 

S3-94 
53.50 
53-7' 
47-89 

44-42 
43-47 
46.25 
37.86 

33.11 
31.92 
33.16 
2S.23 

140.  North  Argyle 
[41.  North       Granville 
(Acad.) 

142.  North  Hammond 

143.  North  Nassau 

144.  NorthSalem{Aca) 

43  I? 

43  23 

44  21 
42  32 
41  20 

73  30 
73  17 

75  45 
7138 
73  34 

290 
250 

361 

20.67 

19.18 
23.98 
26-55 

20.09 

19.56 
27,90 
26.07 

31.29 

36-4S 
35-55 

41.30 

43-63 
42.10 

60.30 
56.15 

56.62 

56.70 

65.70 
66.50 

68.70 
65.50 
66.07 

70.98 
70.82 

73.19 
70.19 
71.71 

68.90 
68.28 

69.77 

§'00 

58.72 

62.28 
57.69 
60.65 

47.70 
49.67 

35.89 

36.18 
39.4s 

39-" 

24.79 

145.  North  Volney 

146.  Oakkuds    . 

43  20 
42  53 

7628 
74  31 

4K0 

27-34 
28.49 

2^:59 

29.62 
3S.32 

42.20 
37.68 

5S.54 
53-37 

67.00 
68.00 

72.  So 

6S.35 
68.50 

61.54 
60.65 

47.54 
49.28 

35-87 
45-40 

25.92 

28.95 

147.  Ogdensburgh 

148.  Oneida'  .      . 

149.  Onondaga  (Acad  ) 

150.  Oswego  .     . 

44  40 

7528 

232 

20.08 

20.20 

30.51 

40.05 

52.95 

64-45 

68.68 

67.92 

57.65 

48.S' 

39-36 

22.88 

43  04 

42  50 

43  25 

75  38 
7b  08 

76  34 

500 
232 

33-33 
25.28 
24.12 

24.32 
25.67 
25.43 

30.45 
33-8t 
31-32 

44.66 
45-97 

52.88 

65.37 
65.49 
63-15 

70.14 
68.91 
69.57 

68.  iS 

60.77 

4S.39 
48.26 
49-74 

37.82 
36.54 
40.40 

27.12 
29.12 
28.05 

151.  Ovid(SenecaCuH 

Inst.)    .      . 

152,  Oxford  (Acad.) 

42  41 
42  23 

765a 
75  40 

800 
961 

20-33 
22.90 

25.25 
23.59 

t% 

43-98 

5.3.26 
55.33 

65.08 
63-44 

72.70 
67.98 

68.78 
65.81 

61.77 
58.18 

S:!i 

3S.61 
35-59 

29.08 

153.  OysterBay(Acad> 

40  52 

73  32 

50 

27.48 

34-14 

38-94 

49.31 

57-58 

67.17 

72.57 

70.30 

64.0. 

54.00 

43.27 

33-96 

154.  Palermo      . 

155.  Palmyra      . 

43  20 
43  04 

76  16 

77  '3 

327 
466 

23^85 

2^:^^ 

28.01 
34-92 

Sli 

53.76 
57-78 

64.40 
67.DO 

69.19 
69.46 

66.72 
67.26 

58-74 
60.04 

"A 

36.10 
39.63 

24.55 

156.  PonnYmi   . 

4242 

77  04 

740 

25.60 

25.54 

33-40 

44.16 

55.28 

64.42 

69-22 

66.81 

59.48 

47-88 

38.22 

28.44 

157.  Perry  City  . 

158.  PtainviUe     . 

159.  Plattsbiirgh  (Ac  ad 

and  Barracks^) 

42  27 

43  00 

44  41 

76  47 
75  16 
7i  26 

800 
186 

33-86 
18.68 

32-55 

'9-54 

28,76 
28,51 

37-07 
4'. 52 

53-97 
54-76 

62V;  I 
64-34 

68.73 

66.94 
66.90 

63- 95 

60,  OJ 

59.01 

46.09 

35-45 

23.15 

l5o.  Ponipey  (Acad.)  . 

42  52 

7602 

13DO 

21.43 

21.75 

29,28 

40.80 

52.33 

61.65 

65-95 

64.29 

53-^5 

44.46 

32.71 

24.07 

'  Daily  means  compu 

sunset,  and  a'  the  momii 

4  Also  called  Brookh 

g  observation  on  the  following  day.     The  results  thus  obtained  appear,  on  tlie  average,  to  be  about  o°.s  too  high. 
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TEMPERATUKE   TABLES. 


NEW  YORK.— Coiitivmed. 


45.18 
.1.65 
44.17 
41.71 
41.75 
47.54 
48.66 


51.35 
49.07 
48.26 


43.69 
41-95 
46.1 


JO.  55 
68:93 


67.73 
67.48 


49  33 
47  93 
4981 


4899 
48  iS 
5047 


44.79 
48.66 
52-15 


44.71 
49-99 

5i90 


5376 
47  >6 


2492 
2669 
25  V 


1837  i  J^ 


1857 


1826;  Dec,  I 

i86g;  Dec.  1S70 

1840;  Dec.  1847 

1867  i  Dec.  1870 

i860;  Mar.  1869 

1S28;  Dec.  1842 

1864;  Dec.  1870 


1856;  Jan.  1858 
1831;  July,  1849 
1828  S  Dec.  1870 
May,  17S2;  June,  1784 
Jan      1844;   Dec, 


1849;  Sept.  I 

Jan      1854;  Jnne,]870 

Jib       1844;  Dec,  1870 

Jm      1857;  Dec.  1870 


4a  7»  % 


7„2.9.w. 

7™2b9»m. 
nourly. 


4538 
45  52 
47  99 

4645 
4S10 

44  44 


Jm.     1862;   Dec,  1 
Jan,      1826;   Dee,  1844 
July,    1849;    Dec.  1' 


Jan. 
J-m. 

Jai! 
J-in. 


Dr.  F.  B.  Hough. 


G.  D.  Baker. 
Various  observers. 
J,  W.  Bussing, 
J.  Lewis,  M,D. 
Various  observers. 
E,A.Smitl\&danghte 


J.  S,  Norton,  J.  Zaep- 


De  La  Lerve, 
Prof.  6.  W.  m'ov 


G.  M.  Hunt, 

J.   C,   Parlter,  E.   T. 

C,  A,  Wooster. 


Prof.     J.     H,     Coffin, 


7^\9.>.:.  I  J.    S.    Hart, 
I      Malcom, 

J.  W.  Chickei 
Various  oliser' 


G,    B,    Dochnrty,  N. 

II.  Wells. 
E.  B.  Bartlett, 
J.    F.    Cogswell,    S. 

Hyde, 
Dr,  H.  P,  Sartwell. 

C.  P.  Murphy. 
J,  H.  Norton. 
Various  observers. 


MS,  i 


S,  Coll. 


N,  Y,  Univ.  Syst,  1855,  MS.  a 
S.Coll.,&P.O.&S.LVol.l. 
N.  Y.  Univ,  Syst.  1855. 
S.  O. 

N.  Y.  Univ.  Syst.  1S55. 
S.O, 
S.  Coll. 

N.  Y,  Univ.  Syst,  1855. 
S.  O. 
S.  Coll. 
P,  O.  and  S,  I.  Vol,  1. 

N-Y.Univ.Sysl.i8s5,&S.ColL 

S.  O. 

N,  Y.  Univ,  Syst.   1855,  MS. 

ill  S.  Coll.,  and  S.  O. 
Cott«, 

Pat.  Off.  Rep. 
MS.  in  S.  Coll,,  P.  O.  and  S. 

I.  Vol,  I,  and  S.  O. 

S.  O. 

P,  O.  and  S.  I,  Vol.  I,  and  S.  O. 

Consolidated  series. 

MS.  in  S.  Coll.,  P,  O.  and  S. 

I,  Vol.  I,  and  S.  0. 
S.  0. 
N.  Y.  Univ.  Syst.  1855. 

S,  O. 
S.  Coll. 

N.  Y,  Univ.  Syst.  1855,  P.  O. 
and  S,  L  Vol.  1,  MS.  *     " 


S.  Coll. 
S.  O. 

N.  Y.  Univ,  Syst.  1855. 
P.  O.  and  S.  I.VoL  I,  S.O., and 

S.  Coll. 

P.  O.  and  S.  I,  Vol.  I. 

N.  Y,  Univ.   Syst.   1855,  and 

MS.  in  S.  Coll. 
N.  V.  Univ.  Syst.  1855. 

S.  0. 

N.  Y.  Univ,  Syst.  1855,  S.  O., 

and  S.  Coll. 
Reg.  Rep.,  MS.  in  S,  Coll.,  & 

P.  0,  and  S.  I.  Vol.  1 
S.  O. 

P.  O.  and  S.  I.  Vol,  1. 
Ar.  Met.  Reg,,  MS,  from  S.  G. 

O.,  N,  Y,  Univ.  Syst.  1855, 

P.  O.  and  S.  1.  Vol.  ] 

MS,  in  S,  Co!!. 
N.V.Univ,  Syst.  1855,  MS.inS. 

Coll,,  &  P.  O.  &S.  LVol.i 


*  The  observations  for  tliis  series  were  made  at  Columbia  College,  Letms  M.  Rutksrftii-d' s  Observatory,  Riifgers  Female  College,  St.  Francis  Xaviir's 
College,  No.  232  Fifth  Aventie,  and  one  other  location,  not  given. 

*  This  series  is  composed  of  the  three  preceding  series,  corrected  for  daily  variation.  s  Corrected  for  daily  variation  by  means  of  the  genera]  table. 
The  observations  for  this  series  were  made  at  varioas  hours,  Q,  %  3„  9,  predominating.    They  were  referred  to  Q^  9,  3^  %  hy  means  of  the  general  ti 
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NEW  YORK.-Coi 

tinned. 

Name  of  Station. 

% 

r 

} 

c 

■s 

i 

1 

p 

i 

i- 

1 

B, 

, 

i 

J 

^ 

y^ 

ffi 

.i. 

a 

< 

S 

^ 

^ 

< 

m 

0 

is 

P 

l6l.  PompeyHill    .     . 

42'52' 

76=09' 

■737 

50^07  '65°.  5  5 

i:tf.%2 

.. 

162.  Polsdam(St.Lawr. 

Acad.)  .... 

44  40 

75  01 

394 

i8°.4i 

i8''.78 

29°,  96 

43°.75 

55-03 

63,96 

68-39 

66'=. 75 

57''.37 

44°.  99 

163.  Poughkeepsie  (Dut- 

chess Acad.)  ,     , 

41  40 

73  55 

26.29 

2J.27 

49,92 

59.81 

68.39 

73.60 

72,24 

52,01 

41.51 

30,78 

164.  Poughkeepsie  ,     . 

165.  Pcattsburgh 

41  42 

73  56 

39- '4 

55.83 

75.27 

(Franklin  Acad.) 

42  34 

77  20 

1494 

24.47 

24.61 

3299 

46,15 

52,88 

61.28 

66.77 

65.86 

57,47 

45.93 

35,21 

166.  Red  Hook  (Acad.) 

41  58 

73  52 

24.66 

26.06 

35-83 

49.14 

5S,«i 

66,98 

71, 8S 

68.64 

61.61 

50,41 

39,59 

27-58 

167.  Rodiester    .     .     . 

43  08 

77  40 

506 

25.49 

25-91 

32-73 

45,21 

56.23 

65.63 

70.38 

68.10 

60.43 

4S.53 

3S-09 

27,97 

16S.  Rockland  (Female 

Inst.)    .... 

41  09 

74  00 

34-75 

37- 10 

59-55 

169.   Rouse's  Point  .      . 

44  59 

73  22 

117 

18.  D2 

18.91 

29.21 

40.23 

54.66 

64,63 

68.89 

66.81 

57-59 

46,45 

36,53 

21.74 

170.  Sadcett's  Harbor  . 

43  55 

75  07 

266 

21.14 

24-14 

30-36 

43-64 

54,37 

65.20 

70,06 

70.26 

61.56 

50.07 

40,77 

25,87 

171.  Sag  Harbor      .     . 

41  00 

72  t8 

40 

31.00 

31.88 

33.69 

45.97 

56,79 

68,40 

73,73 

70.86 

65.41 

55.55 

44,73 

34.38 

172.  Salem  (Wash.  Ac.) 

43  09 

73  20 

22.42 

22.75 

32.57 

45.65 

57,03 

65,94 

69.29 

69.5s 

60.06 

46,63 

38,5s 

28.31 

173,  Saratoga      .     .     . 

43  04 

73  47 

;6o 

19-74 

29.66 

29.70 

56.17 

64.6S 

72.30 

69.90 

60.83 

47-31 

37.96 

174.  Sclienectady  (Ac.) 

42  47 

73  57 

300 

22.09 

21.79 

30.43 

44I8 

59.05 
55.58 

66.67 

70.15 

68,09 

59-84 

47.09 

37.54 

29.22 

175-  Seneca  Falls    .     . 

43  54 

76  50 

463 

25.72 

28.54 

33.31 

42,69 

66.21 

71-08 

68.51 

61.17 

51.76 

3.3-31 

23.89 

176.  Sennett  .... 

42  57 

76  32 

40,07 

177.  Sherburne  .     ,     . 

42  40 

75  31 

36.50 

46.65 

54.70 

65.98 

64,95 

65,80 

65.48 

178.  Sing  Sing    .     .     . 

41  09 

73  52 

125 

32-34 

34.20 

38. 68 

46.53 

59,31 

70,35 

70.54 

64.95 

5  ".14 

46,97 

32.24 

179.  Skaneateles      .     . 

42  55 

76  25 

932 

23.55 

27.06 

30.02 

43.07 

53.41 

63,09 

67^88 

65.18 

60.72 

47.27 

37.  IS 

26.25 

iSo.  SloansviUe  .     .     . 

42  41 

74  31 

27.97 

24.95 

24.2s 

42. 1 8 

55.00 

181.  Smithville  .     .     . 

43  53 

76  06 

300 

21,38 

28.60 

42.08 

52,40 

63,57 

70.71 

67.70 

60,04 

47.59 

40.14 

22'.6l 

182.  Somerville  .     .     . 

44  10 

75  00 

412 

18.51 

22.SI 

26.87 

40.  So 

54.41 

67.66 

71-98 

68,49 

60,20 

48-54 

37-16 

18,04 

183.  South  Alabama     . 

43  03 

78  25 

34,57 

33-61 

1S4.  South  Edmeston   . 

42  40 

75  19 

23.13 

26.77 

3i'-4o 

44,88 

54.79 

66.57 

70,25 

67,29 

54,09 

50.66 

41,78 

23.12 

i8S.  South  Hartford      . 

43  '8 

73  25 

500 

24.41 

32.09 

47,80 

59,11 

70,52 

74,85 

71.94 

63.45 

50,25 

38.96 

25-52 

186.  Sovith  Trenton 

43  '3 

75  '5 

835 

19.10 

25.97 

39.01 

SI. 66 

66.06 

69.39 

65.38 

60.39 

45.27 

34.28 

22,90 

187.  Spencertown{Ac.) 

42  19 

73  41 

750 

18.31 

24.42 

28.14 

43,54 

53.00 

64-47 

72.54 

67,11 

60,74 

48.5s 

37,14 

25.09 

188    SpnngviUe(\cad.) 

42  30 

7842 

500 

24.88 

25-95 

30.75 

45-45 

53.14 

6:.62 

67.51 

64.18 

57-61 

46.23 

37-50 

28,4. 

189    Stapleton  (Staf.  Isl.) 

40  39 

74  04 

50 

27.13 

25.00 

57.00 

45,05 

30.50 

190    Suffcm              .     . 

41  07 

74  OS 

33-88 

191    Syracuse  (Acad.)  . 

43  02 

76  14 

407 

24.15 

26.62 

32.25 

42.41 

55-50 

fiS.58 

70.82 

68.60 

61.38 

50.44 

36.36 

29,95 

192    Theresa            .     . 

44  12 

75  48 

365 

■5'S9 

20.17 

27.09 

41,92 

54,68 

64,20 

68.51 

67.46 

58,96 

45,23 

35.38 

23.94 

193.  Throgg's  Neck      . 

40  4S 

73  47 

44 

28.41 

30-34 

34.95 

47.71 

57.39 

68.59 

73-72 

72.05 

65.82 

53.00 

42.89 

31-11 

194.  Troy     (Rensselaei* 

Inst.)    .... 

42  44 

73  41 

58 

22.16 

25-31 

33-85 

44,92 

57,26 

68,01 

73.80 

71.06 

61,69 

50,63 

39.76 

26.71 

195.  Union  Springs 

42  48 

76  14 

400 

65.22 

196.  Utica      .... 

43  05 

75  13 

473 

23-28 

24.28 

32.43 

45,20 

56,68 

64.67 

69,28 

67,57 

59,58 

48,58 

36-S3 

26.56 

197.  Wales     .... 

42  46 

78  34 

49.84 

198.   Wampsville       .      . 

43  07 

75  48 

500 

21.72 

24.32 

30.3' 

42.66 

55,98 

6.^.61 

70,29 

66.42 

59,45 

47,87 

38.05 

25-57 

199.  Warsaw       .     .     . 

42  44 

78  10 

38-73 

45,73 

54,85 

200.  Waterbury  .     .     . 

42  30 

7645 

25.40 

22.73 

24.41 

43.46 

54-89 

65.51 

69.36 

65.93 

58.93 

44.13 

33VI4 

25-22 

201.   Waterford    .      .      . 

42  47 

73  43 

70 

21.97 

24.63 

44.89 

56,36 

66.37 

71-31 

68. 63 

49-71 

38,30 

25,95 

202.  Watertown  .     .     . 

43  58 

75  54 

268 

12.87 

19.12 

25.71 

46-05 

54,31 

64,84 

72.79 

67.64 

62.93 

48.43 

35.76 

17.69 

203.  Waterville  .     .     . 

42  54 

75  25 

1223 

25-04 

26.03 

29.76 

39.27 

66.37 

69.91 

67. 2S 

57.3s 

44.99 

44,17 

24,29 

204.  Watervliet  Atsetial 

42  43 

73  SO 

50 

23.27 

23.84 

34.02 

45.98 

59-08 

68.62 

74,00 

71.14 

62,00 

49-50 

38,95 

27,26 

205.  Waverly      .     .     . 

42  22 

7S  59 

1300 

30,00 

206.  WelisviUe   .     .     . 

42  07 

7800 

I4S0 

21-47 

26.93 

29.51 

39.74 

50-23 

63-57 

71.19 

65-59 

59.63 

46.20 

37-14 

34.*20 

207.  West  Day    .     .     . 

43  20 

74  OS 

29.10 

42,60 

51.90 

68,80 

70.30 

67,00 

59.40 

208.  West  Point  (Mili- 

41 24 

73  57 

'?6? 

28.6S 

29.60 

37.85 

49,27 

60.68 

69.64 

74.  SI 

72-57 

65.10 

54-26 

42.96 

32.49 

tary  Acad.) 

309.  White  Plains    .     . 

41  02 

73  4> 

27.51 

29.65 

34-40 

47,56 

57,00 

67.3S 

70.92 

69.97 

63-04 

52.28 

42.81 

31-05 

210.  Whitestown  (Onei- 
da Inst,  of  Science, 

andlnd.)  .     ,     . 

4308 

824 

19.68 

20.85 

29,12 

43.74 

56,48 

64,53 

71.41 

65,99 

58.50 

47,09 

34-57 

23,97   , 

2ir.  Wilson  .... 

43  »7 

78  SO 

250 

26.55 

26.88 

31,06 

42.61 

54.56 

64,16 

71,38 

70,51 

60,47 

48-93 

38.60 

29.82 

212.  Youngsville      .     . 

41  47 

74  55 

15.08 

3I.2S 

29,48 

37.22 

52,16 

61,34 

68.36 

66.02 

57.56 

44.96 

36.50 

24.26 

'  Daily  meaiis  comp, 
sunset,  and  a'  the  mornin 

«-|- 

2* +2. 

f-n' 

re  n  represents  an 
esiilts  thus  obtain e 

observation  a  little  before  sunrise,  b  one  at  3^,  c  one  at  one  hour  after 

.  a|i]">car,  on  the  average,  to  l)e  about  o",5  too  high.                              1 

observalion  on  the  foil 

6 
owing  da 
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NEW  YOHK.- 

-Coutiniied. 

1 

i 

1 

2 

i 

Series. 

Extent 

0B3ERVI^■G 

OliSEEVER, 

References. 

(§■ 

1 

1 

■^ 

> 

JJegins.             Ends. 

yrs.l 

OS. 

HOLKE. 

16. 

■  ■ 

1856 

0 

3 

7„  2:.  9^ 

J,  f.  Kendall. 

P,  0.  and  S.  I.  Vol,  1, 

163 

42=.9i 

65=.37 

45°.36 

19^77 

43^-60 

Jan.      1828;    Dec.  1S4S 

21 

0 

' 

Various  observers. 

N.  Y.  Univ.  Syst.  1S55. 

163 

48.66 

71.41 

52.51 

28.11 

50.17 

Feb.     1828;   Apr.  1870 

18 

0 

1 

164 

1849 

0 

3 

7„  9^^3.9. 

Warring. 

S.  Coll. 

165 

4401 

64.64 

46,20 

25.76 

45-15 

Jan.      l829i   Dec,  1846 

10 

0 

! 

Various  observers. 

N.  Y.  Univ.  Syst.  1855. 

47.66 

69.17 

50.54 

26.10 

48-37 

Ja„.     1830;   Dec.  1843 

\6i 

44.72 

68.04 

49.02 

26.46 

47.06 

Jan.     1830;   Dec.  1870 

38 

9 

P.  0.  and  S.   1.  Vol.  1,  S.  O., 
MS.  in  S.  Coll,  Reg.  Rep,,  & 
N.  Y.  Univ.  Syst.  1855. 

168 

49.48 

1869 

4 

?m  3.,  9„  „„ 

C.  De  La  Verny. 

S.  0. 

169 

41-37 

66.7S 

46.86 

19.56 

43-64 

Mar.     1845;    Sept.  1862 

S 

John  Bratt. 

MS.  in  S.  Coll.  &  MS.  from  S. 

G.  0. 
U.   S.   Lake   Survey,   Rep.   of 

170 

42.79 

68. 51 

50.  So 

23,72 

46-45 

Aug.    1849;   Dec.  1S67 

s 

10 

7m  3„  % 

H,  Melcalf,  Plait. 

1867-68  and  S.  Coll. 

45-4S 

71.00 

55.33 

32.42 

51.03 

Oct.     1849;   Dec.  1858 

9 

E.  N.  Eyram. 

P.  0.  andS.  LVol.  i,&S.  CoU. 

45-08 

68.26 

4S.41 

24.49 

46.56 

Jan.       1828;    Dec.  1847 

VarioHS  observers. 

N.  Y.  Univ.  Syst.  1855. 

173 

42-43 

68.96 

48.70 

25.23 

46.33 

Dee,     1856;   Jan.   185S 

7™  2,  9„ 

W.  H.  Rilter. 

P.  0.  and  S.  I.  Vol.  I. 

174 

44.69 

68.30 

48.16 

34.37 

46-38 

Jan.      1829;   Dec.  1864 

4 

Various  obsei'vers. 

N.  Y.  Univ.  Syst.  1855,  &S.O. 

43-53 

68.60 

48.75 

26.05 

46.73 

1S49;   Jtily,  1864 

7m3,  9„y, 

P.  Cowing,  Fairchild. 

S,  Coll.  and  S.  O. 

.. 

1857 

7„  2,  % 

H.  E.  Fellows. 

P.  0.  and  S.  I.  Vol.  I. 

177 

45-95 

65V58 

.8^5 

7 

7m3,  9^„^ 

Rev.  J.  R.  Haswell. 

S.  0. 

178 

48,17 

71.76 

54-35 

32-93 

51 -So 

Mar.     1849;              1S52 

8 

Or  9m  3a  9a 

Mannie. 

S.  Coll. 

179 

42.17 

65.38 

48-39 

25.62 

45-39 

Jan.      1861 ;   Dec.  1867 

5 

7»2.  9,^,^ 

W.  M.  Eeaucliarop. 

S.  0. 

40.48 

May,    1868;   Jan.   1870 

5 

G.  W.  Potter. 

181 

41.03 

67.33 

49.36 

21V67 

44'-83 

Mar,     1849;    May,iS56 

4 

7m  3a  % 

J.  E.  Sreed. 

MS.inS,  CoII.,andP.O,andS. 

I,  Vol.  1. 
S,  Coll.  and  Reg.  Rep. 

i8z 

40.69 

69. 38 

48.63 

19.79 

44.62 

1849;            1852 

3 

I 

Or  9.  3.  % 

Hough, 

1S3 

1S52 

Bemis, 

S.  Coll. 

184 

43.'69 

68.04 

48.84 

34-34 

46.33 

1850;            1853 

Beardsley. 

.85 

46.33 

72.44 

50.89 

23.58 

48.31 

Aug.    1863;   Dec.  1870 

7 

1m  3^  9^  ^,, 

G.  M.  Ingalsbe, 

S.  0. 

(86 

38. 88 

66.91 

46.65 

21.03 

43-37 

Feb.     1865;   Dec.  1870 

5 

9 

Capt,  S.  Barrows, 

1S7 

41.56 

68.04 

4S.81 

45.35 

JiUy,     1854;    June,lS6i 

4 

7m  3.  9^ 

Various  observers. 

P.  0.  andS.  LVol.  I,  S.  0.,  and 

MS.  in  S.  Coll. 
N.  Y.  Univ.  Syst.  1855, 

188 

43.11 

64.44 

47.11 

26.41 

45-37 

Jan.     1830;   Dec.  1850 

7 

0 

' 

1 89 

27-54 

Oct.     1867;   Feb.  186S 

5 

7m3„^9„M8 

S.  L.  Hillier. 

S.  0. 

lyo 

1863 

J.  H.  Warren, 

191 

43-39 

6^.33 

49.39 

26.91 

47.00 

Jan.      1843;   Dec.  1852 

3 

5 

6.  3,  10. 

L,  W.   Conkey,  Dru- 

N,  Y,  Univ,  Syst,  1855  and  S. 

Coll. 
S.  0. 

192 

41-23 

66.72 

46.52 

19.90 

43-59 

Mar.    l85l;   Feb.  1866 

4 

9 

7m  i^  % 

S.  0.  Gregoiy. 

193 

46.08 

71.45 

53-90 

29.95 

50-50 

Dec.    1S63;   Dec.  1S70 

6 

6 

7m3„9„,., 

F.  Morris. 

194 

45-34 

70.96 

50.69 

24-73 

47.93 

Jan.     1854;   Dec.  1868 

6 

3 

Various  observers. 

P.  0.  and  S,  1.  Vol.  1,  and  S.  0, 

195 

1S61 

J.  S.  Alien. 

S.  0. 

196 

44-77 

67,17 

4S.33 

24.71 

46.25 

Jan.       1836;    Dee,  187D 

27 

' 

Various  observers. 

N.  V,  Univ.  Syst,i855,S.  Coll, 
Am.  Aim.  1843,  Reg.  Rep., 
S.   0.,  and  P.  0.  and  S,   L 
Vol,  I. 

197 

'854 

0 

1 

7m 

Caqienter. 

S.  0. 

19s 

420a 

67.11 

48.;6 

,33-87 

45.60 

Jan.      1854;    Dec.  1S61 

6 

7m  3„  %  w. 

Dr.  S.  Spooiier. 

P.  0.  and  S.  I,  Vol,  1,  and  S.  O. 

199 

4644 

186s 

3 

J.  P.  Morae. 

S.  0. 

4092 

66.93 

45.40 

24.45 

44-43 

Jan.     1869;   Oct.   1870 

9 

D.  Trowbridge. 

44  II 

68.77 

50.02 

34.18 

46.77 

Jan.      1856;    May,  1863 

6 

3 

J.  C.  House. 

P.  0.  and  S.  I.  Vol.  1,  and  S.  0. 

4202 

68-42 

16.56 

1856 

7u,  \  9» 

Dr.  P.  0.  Williams. 

P.  0,  and  S.  I.  Vol.  I. 

203 

3961 

67.85 

"$11 

25.12 

45-35 

1849;            1S51 

7 

©r  9,„  3^  9, 

Lower. 

S.  Coll. 

304 

4630 

71,35 

50.15 

24.79 

48.14 

Jan.     1S24;   Dec.  1854 

30 

9 

7m  3,  9^ 

Assisliuit  Sui^eon. 

Ar.  Met.  Reg.  1S55- 

205 

1861 

W.  Flint,  J.  Ciirtiss. 

S.  0. 

206 

3983 

66.78 

47-66 

37-53 

45-45 

Jan.      1S57;    Apr.  1858 

H.  M.  Sheerar. 

P.  0.  and  S.  I.  Vol.  I. 

207 

41  20 

68.70 

1858 

01-  N-  0, 

J.  M.  Young. 

MS,  in  S.  Coll. 

20S 

4927 

72.24 

54-" 

30.26 

51.47 

Jan.     1824;   Dec.  1S70 

46 

5 

7„  3„  9. 

Assistant  Surgeon. 

Ar,  Met.  Reg.  1855,  and  MS. 
from  S.  G.  0. 

209 

4632 

69.42 

53.71 

29,40 

49.46 

Jan.      1854;   Dec.  1870 

8 

9 

7m  2„  9a  M> 

Prof.     0.    R.    Willis. 
Jenkins. 

S.  0.  and  S.  Coll. 

310 

43" 

67-31 

46.72 

21.50 

44-66 

Jan.      1834;    Dec.  1S40 

7 

Q 

, 

Various  observers. 

N.  Y.  Univ.  Syst,  1855. 

42  74 

68.68 

49-33 

27-75 

47-13 

Jan.      i860;    Dec,  1864 

4 

3 

Dr.  E.  S.  Holmes. 

s.  0. 

2IJ 

3Q02 

65.24 

46-34 

23-54 

43-69 

_^ 

'LVC 

J.  Ilamam. 

^ 

Corrected  for  cl.iily  variatio 

iby 

.e. 

IS  of  the  gen 

ral  table. 
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NORTH  CAROLINA. 

Name  of  Station. 

i 

! 

i 

i 

1 

■a 

< 

S 

i 

ir- 

"3 

1 

-6 
0 

i 

& 

1     MkmIIo 

35°33 

Sj^so' 

.200 

39- "02 

37''-4i 

43°. 96 

53".  10 

60^.75 

58=.38 

72°,40 

70", 90 

55^95 

3°-07 

H°.77 

37°-3i 

2  AlMway  Hiil 

3  Keaufort 

4  Bethmout 

5  Oiape!  Hill  (Uii  V 

ofN   C) 

oS  25 

34  43 
3"     ^ 

35  5& 

7^  39 
7854 

850 

38.53 
47.04 
39-34 
40.40 

47-54 
35-34 
44.96 

46.75 

43.36 
49.84 

56-75 
56.23 
50.14 
59-31 

63.66 
67.72 
59- 1 7 
67-39 

73-64 
74,09 
66.50 
75-79 

71.80 

78.38 

75-84 

71^80 
76.32 

69.18 
74.60 
65.00 
70.84 

56.95 
62.S4 
49-50 
59-70 

44.92 
56,52 
48.50 
50.84 

38.97 
50-15 
42.7s 
43-40 

6  Davidson  College 

7  Fort  Johnston 

8  FortMa..on 

9  Gtstm    (or    Greei 

PUms) 
10    Goldsboro 

35  30 
33  55 
3442 

3628 
j5  25 

8044 
7801 

76  40 

77  38 
77  51 

850 

43-74 
49.10 
44-72 

36.82 
41.38 

41.42 
50.58 
43-95 

42.06 
47.60 

48.01 
56.39 
49-97 

47,91 
50.20 

64:36 
59-97 

54-38 
60.16 

66.56 

Hit 

73-92 
79,09 
77.29 

74.18 
76.96 

77.57 

81,64 

80.02 
77,92 

80,33 
80.25 
79-74 

76,07 
78,38 

64.24 
75.09 
74.84 

68.40 
72.66 

lis 

64.58 

45-46 

47.28 
50,4s 

43-20 
52.29 
4S.09 

40,08 
43-73 

11  Jackson 

12  KenansviUe    (Web 

,6  20 
34  58 

77  25 
77  50 

'60 

4..06 
4&-35 

46.52 
42.78 

52.83 
48,56 

SS.50 
57-46 

69.68 
66.67 

76.49 
74.78 

;s 

78.34 

68.75 

60.74 
56.84 

49.01 
47.03 

25.92 
39- S3 

13    Lake  Scuppemong 
14.  Marlborough 

15  Moi^mtown 

16  Mount  Olive 

17  Murfreesboro 
iS    Oxford 

35  50 
j5  30 
.5  49 

36  ^6 

•56    '2 

76  .8 

77  55 

77  oi 

78  2y 

25 

1135 

41-23 
4S.11 
38.79 

40.74 
38-87 

44.69 
40.96 
3S.29 

44.95 
42,56 

50.87 
49-77 
SO- 5 1 

49.21 
46.59 

62.33 
54-62 

57.02 
57.50 

68.35 
68.19 
66,24 

66.46 
65.61 

72,75 
77-01 
72-73 

75,60 
74-80 

78.50 
80.04 

8:,  38 
77.34 
79-97 

74-47 
79.09 

80.^ 
76.45 
74.96 

68.54 
69-99 

61.10 

55-53 

49.15 
46,57 

45-78 
50-77 
42,61 
37-74 

19  Raleigh 

20  Rutherfordton 

21  Scuppernong, 

22  StaJesviUe 

23  Thurnbury 

3548 
35  24 
35  50 
35  4q 

Hi 

75 18 

So  46 

77  21 

S 

37-84 

34.81 
41.47 

43-82 

4S.U 
39-37 
39-80 

47-28 
49:28 

58- IS 
60,89 
■  54-67 
59.22 

65-33 

6S.87 
61,76 
69,73 

7S-52 
76.96 
73-43 
71-09 
75-13 

79-75 
74-35 
79-15 
77-14 
79.53 

76.44 
76-55 
76.22 
74,60 

73.10 
69.85 
71.65 
64.62 

58.09 
56,61 

53-66 

49-18 
52-07 

41-34 
46,72 

38.76 
42.38 

30,17 
37-70 

24    Trinity  College 

35  45 

79  40 

400 

40.40 

43.90 

46.63 

57-23 

63-73 

25    W-irienton 

0&24 

7802 

42.00 

39-40 

41-63 

55-00 

64,9s 

73-57 

78,35 

74.40 

67-43 

59-71 

48.56 

37.88 

26.  Westminster.     .     . 

27.  Wilson     .... 

36  03 
35  45 

79  53 
77  47 

105 

43-98 

51.08 

63.50 

66,73 

73-B5 

lltl 

73-55 
75-18 

73.55 

59-95 

51-00 

41-87 

OHIO.                                                                                                   1 

1.  Athens      .... 

2.  Austhibuighi       .      . 

l'.Ts 

82  03 
80  54 

750 
KiS 

23.62 
22.33 

34.00 

43-55 
30.33 

Sf, 

64,29 
56.06 

71,61 
6;.oi 

75-7' 
72-55 

71-74 

69.75 

64.69 
64.6; 

55-11^ 
50,11 

40.79 
38,57 

30-33 
34-20 

3.  Avon 

5.  Bethel      .... 

6.  Bowling  Green  .     . 

41  27 

40  23 
39  00 

41  24 

82  04 

83  38 

840 
1031 
555 
700 

24^89 
26.89 
28.97 

33-42 
25.05 
32-50 
39.38 

45.76 
36.61 
38.27 
35-85 

62,14 
61,13 

64.72 
71-38 
69.25 
69,14 

75-So 
74-14 
74.43 

70.38 
70-65 

70,80 

63.05 
64,45 

62,89 

47.' 7 
5t-93 
49-23 
51,09 

40.74 

39. 28 

39-76 

40.44 

31.31 
38,83 
30.55 
32.05 

7.  Brecksville  .     .     , 

41  22 

81 40 

800 

24-43 

32-83 

48.62 

42.41 

21.98 

8.  Carthagena   .     .     . 

9.  Chilicothe     .     ,     . 

10.  Cincinnati     .     .     . 

11.  Cincinnati    (Wood- 

ward Coll.) 

40  28 
39  18 
39  06 
39  06 

84  33 
82  52 

8430 
8430 

540 
540 

40.0 
.33-50 
32.91 

40,0 
33-15 
35-35 

42.94 
43-15 

57-0 
55-35 
54-81 

69,0 
63,33 
64,42 

77,0 
70,86 
72.64 

77.0 

75.47 
77.75 

73-25 
75-33 

70.79 
70.0 
65,46 
67.82 

55-85 
56.0 
52-30 

54-22 

43-48 

59-0 
41-71 
43.59 

2S.50 
39-0 
33-09 
34-59 

12.  ancinnati     .     .     . 

13.  Cincinnati     .     .     . 

14.  Cincinnati     .     .     . 

15.  Cleveland      .     .     . 

39  06 
39  06 
39  o& 
41  30 

84  30 
8430 
84  30 
81  42 

540 
540 

643 

33-70 
33-79 
30-76 
25-94 

33-40 
37-9S 
34-87 
28.31 

43.90 
45.66 
41-34 
34.85 

55-20 
57." 
54-15 
47-03 

63,60 
65.96 
63-44 
56,96 

70,90 
73-23 
72.64 
67-94 

75-60 
77.32 
77,21 
71.73 

73,20 
75-50 
74.96 
69,36 

65.20 
68.79 
67-59 
63,08 

52-40 

53-39 
53-4' 
51-35 

41-60 
45-37 
42.57 
40.58 

33-70 
35-81 
33-61 
30.72 

i5.  Clifton      .... 
17.  College  Hill 

(Farmer's  Coll.) 

39  44 
39   19 

83  57 
843s 

800 

39.88 

33-3' 

42-07 

53-41 

63,38 

70,26 

74,06 

74,55 

65,49 

53-42 

42.11 

31-76 

1  Observations  previous  to  1S6 

2  were  made  at  Jefferson,  a 

out  five  miles  southeast  of  Austinburgh. 

'  Observations  coirected  for  d 

ily  variation  by  means  of  tl 

e  general  table. 
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NORTH  CAROLINA.                                                                                | 

1 

B 

1 

i 

^ 

Series. 

Extent 

Obsekving 

Obsehver. 

References. 

<8- 

1 

g 

>; 

Begins.              Eiicls. 

yis.mos. 

HOURS. 

■ 

52". 60 

70°.56 

54^26 

37^.91 

53°-83 

Aug.    1857;   Doc.  1870 

4    5 

7^\%u. 

W.     W.     McDowell, 
E.  J,  Krow,  ai.d  E. 
J.  Aston. 

S.O.  aiidP.  0.  and  S.l,  Vol.1, 

55-73 

75.63 

57.02 

39.77 

57-04 

Apr.     l85l;   Dec.  1870 

4    7 

F.  J,  Kron. 

S.  0. 

3 

58.54 

78.51 

64.65 

48. 24 

62.48 

June,    1863  ;    Dec.  1864 

1      4 

7m  2,  9, 

MS.  from  S.  G.  0. 

4 

50.56 

70.03 

54-33 

39-'4 

53-52 

1S50 

©. 

Bingli^: 

Pat.  Off.  Rep.  1851, 

5 

58.85 

76.80 

60.46 

42.92 

59-76 

Jan.      1820;   May,  1870 

7„2,9.u, 

Caldwell,     Prof.      J, 
Phillips,  D.  S.  Pat- 
rick, 

Rep.   Brit.  Assoc.   1847,  Am. 
Aim,   1S47  and  foil.,  Dove, 
MS.  inS.  Coll.,andS.  0. 

6 

57.62 

77.27 

SS-64 

42.79 

58.33 

Nov.    1857;    Dec.  1859 

7„  2.  9. 

Pvof.  W.  C.  Ken-. 

P,  0.  andS.  I.  Vol.  I. 

64.56 

80.33 

67,50 

50,66 

65.76 

Jan,       ,822;    July,  1845 

15   10 

Ar.  Met.  Reg.  1855. 

8 

59-63 

79.02 

65-33 

45-59 

62.39 

Oct.      1833;    Aug.  1S49 

5    3 

" 

9 

56.00 

76.06 

57-73 

39-65 

57.36 

Oct.      1856;    Mar.  1S61 

4    6 

Dr.  G.  F,  Moore. 

P,  0,  andS.  T.  Voi.I.andS.  0. 

59.68 

78.S4 

61.63 

44.24 

61.10 

Jail.      1856;    Dec,  1870 

6    5 

7m2„9^M. 

Piof.  D.  Morrelle  and 
Prof.  E,W.  Adams. 

60.34 

37-83 

1852;            1854 

7^   3^  % 

GuaJd. 

S.  Coll. 

12 

57.56 

77.26 

57-54 

43.89 

58,81 

Jan.      1860;    May,  1870 

3     0 

7m  2.  %  ,1, 

Prof.  N.  E.  Webster, 

and  J.  N.  Sprunt. 
Sheplierd. 

S.O. 

13 

57.99 

75-24 

60.31 

43. 90 

59.36 

1849;            1853 

3    0 

Oi  9o,  3a  9» 

S,  Coll. 

IS 

60.10 
57.12 

42.62 

1858 
Dec.     1867;    July,  1868 

°o     I 

7„  2,  9„ 



P.  0,  and  S,  I.  Vol.  1. 
MS.  from  S,  G,  O, 

i5 

■859 

0    4 

7m  3^  9a  Ms 

E.  D.  Pe'arsall." 

s.  0. 

'7 

57-'56 

76.46 

58,66 

42,77 

58.86 

Oct.      1856;    Apr.  1861 

7™  2.  9, 

Rev,  N.  McDowell. 

P.  0.  and  S,  I.  Vol,  I,  and  S.  0. 

,8 

56.57 

76.58 

57-36 

39.72 

57-56 

July,    1866;   Dec.  1870 

4     1 

7m3,9„„,. 

J.   H.   Mill   and  Dr. 

W.  R.  Hicks. 
F,  P,  Brewer, 

S.  0. 

19 

56.92 

77-24 

59-79 

40,14 

58-52 

Aug.    1866;   June,i869 

2  Ji 

75.95 

59-5' 

1849 

0.  9„  ,\  9. 

Galloway. 

S.  Coll. 

76.27 

1853 

0    8 

7m  2,  9, 

Hardison. 

53.40 

74. 28 

53.21 

34-78 

53.92 

June,   1S66;   Dec.  1870 

7„a.9.M. 

Col.  T.  P.  Allison. 

S.  0. 

23 

59.41 

39.66 

Jail.      1854;   Apr.  1855 

'     ' 

7m  \  9a 

Rev.  T.  Fitzgerald  & 
Prof.  D,  Mon-elle. 

p.  0.  and  S.  I.  Vol.  I. 

24 

55-86 

Jan.      1S61;   May,  1869 

0    5 

7^\%^„ 

0.    W,   Can-,    E,    D. 
Pearsall,  &  others. 

S.  0. 

25 

53.86 

75-44 

58-57 

39-76 

56.91 

Aug.    1857;   Dec.  1870 

I    2 

Dr.  W.  M,  Johnston 

and  H,  A,  Foote, 
J.  Walkins. 

P.  0,  andS.  I.  Vol,  I,  andS,  0. 

a6 

75.27 

1843 

0     3 

0,  N-  0, 

S,  Coll. 

27 

60.44 

61.50 

■■ 

1866 

7,„2„9,M, 

E.  W.  Adams. 

S.  0. 

0 

SIO. 

J 

53.S7 

73.02 

53-55 

29-32 

52.r9 

1849;      1853 

I     8 

Or  9„  3.  % 

Mathew, 

S.Coll,  and  MS, 

2 

43.35 

69.77 

51-12 

27-59 

47.96 

Mar.     1856;    Dec.  1867 

5    7 

7,«2^%„i, 

J,  D.  Herrick,  J.  G. 
Dale,  G.  S.  S.  Griff- 
ing,  and  E.D.Win- 

P.O. and  S.I,  Vol, 1,  and  S,0. 

chester. 

3 

51.21 

69-34 

49-99 

31-94 

50.62 

Nov.    1858 ;    Dec.  1S59 

7m  2,  9. 

Rev.  L,  T,  Ward. 

P.  0.  and  S.  I.  Vol,  I, 

4S-S7 

72.61 

26,25 

49.91 

Dec.     1855;    Dec.  1870 

3     7 

T,Shaw,W.Barringer. 

P.  0,  and  S.  I,  Vol.  I.  and  S,  O. 

49.41 

71.29 

50-78 

29-98 

50-37 

Feb.      1860;    Dec.  1870 

9    4 

7„2^^9.i,u 

G.  W.  Crane. 

S.  0. 

7 
8 

47.84 

71-46 

51-47 
56-71 

30,10 
26.41 

50.22 

July,    1857;    Dec.  1S70 

Oct.     1859;   Feb,  1861 

1870 

10     3 

0     5 

Dr,  W,   R.   Peek,   J, 

Clarke. 
Rev,  S,  L.  ilillier,  L, 

L.  Willis. 
R.  Miiller. 

P,  0.  and  S.  I,  Vol.  1,  MS,  in 

S.  Coll.,  and  S,  O. 
P,  0.  and  S.L  Vol.  1.  and  S.O. 

S.O. 

9 

55-67 

78.;x, 

61,67 

39-67 

5S-75 

1819 

7m  2„  9, 

Rep,  Brit.  Asso.  1847, 

53.87 

73.19 

53.16 

33-35 

53.37 

1806;           181 3 

Mansfield  and  Drake. 

Drake, 

" 

54-13 

75-24 

55-21 

34.28 

54.72 

Jan.     1819;   Dec.  1870 

36     8 

Prof.  Ray,  G.  H.  Phil- 
lips, and  others. 

MS.iiiS.Coll.,BIo<lget'sClim. 
Drake,  ViewofQnn,,  P,  0, 
and  S.  I.  Vol,  I,  and  S.  O. 

53-90 

73.23 

53-07 

33-60 

53-45 

1835;           1848 

14    0 

Drake.3 

13 

56.24 

75-35 

55-83 

35.86 

55.85 

1843;           1853 

9     0 

Lea. 

Warder  Hort.  Reg. 

14 

52-94 

74.94 

54-53 

33.08 

53-87 

Jan,      i860;    Dec.  1S70 

7m2„^9.„U 

G.  W.  Harper. 

s.  0. 

'5 

i5 

46.18 

69. 6S 

51-67 

28,32 

48-99 

1S50;    Dec.  1870 
.870 

17      1 

G,  A,  &  Mrs.  Hyde, 
B,  A.  Stanard,  and 
Wade. 

U.  S.  Lake  Survey,  MS,  &  Rep. 

of  1867-8,  P.   0.   and  S.  I. 

Vol.  I,  S.  0.,  andS.  Coll. 
S.O. 

17 

52.62 

72.17 

53-67 

3 '-"65 

52.53 

Jan.      1814;    Dec.  1870 

47   10 

Or  N.  0, 

Jackson,'  Profe.'  R.  S. 
Bosworth&J.H.Wil- 
5on,L.D,Tuckernian 
&  J.  W,  Ilammilt, 

P.  0,  and  S.  1.  Vol.  i,  S.  O., 
and  S.  Coil. 

s  As  quoted  by  Dove. 

*  Altitude  given  as  3 

05  feet  above  low-water  in  llie  Oliio  Ri^■er. 

9 

SCTObER 

1874- 
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OHIO.— Continued. 

NAMP-Ors™. 

i 

1 

X 

I 

t 

1 

t 
< 

1 

1 

# 

< 

0 

1 

i 

18.  Columbusl     .     .     . 

39°57' 

8»°S9' 

834 

30°-94 

35°.44 

42=. 26 

53°. 12 

65°- 30 

7o°.98 

IT'M 

74°. 69  60°. 73 

49°- 80 

42°.  34 

35°-28 

19.  Coshocton     ,     ,     . 

20.  Croton      .... 
ai.  Cuyahoga  Falls  ,     , 
22.   Dayton          (Cooper 

Sem.) 

40  18 

40  13 

41  10 

39  44 

84     08 

765 
860 

29.38 
28,5s 
1S.40 
87.36 

29.88 
30.80 

37.08 
29,00 

50.68 
52,70 
SS-23 

60V15 
59-55 

6S.30 
73-53 
72.76 

72.35 
74.64 

71-71 
70.69 

62.95 
64.11 

54.32 
51,20 

55.01 

40.55 
37-78 
40.13 
43,44 

36.20 
31.84 
25.55 

23.  East  Cleveland  .     . 

24.  East  Fairfield^   .     . 

25.  Eaton.     .... 

26.  Edgerton      .     .     . 

27.  EdinbuiH      .     .     . 

28.  Elmwood      .     .     . 

41  31 

40  47 

39  44 

41  29 
41  09 

40  05 

41'  '16 

8t  40 

Ztl 

82  00 
Si'  "12 

683 

"i 

520 
900 

27.71 
25-45 
23.95 

34.06 

40.17 
37.32 

28.67 
29.94 
30- IS 

as; 

34.89 
35-06 

33-65 
33.57 

50.90 
34.5s 

49-5° 

41.94 

60.16 
46,68 

53.45 

55-23 
62.19 

63.41 
6S.50 
73-40 

68.17 
71.14 
75-90 
68.51 

67.13 
70-35 
71 -so 
73.25 
72.71 
77.01 
79-17 
72.71 

66.44 
68,97 

68.90 
73-39 
80,90 
70,30 

61.95 
62.59 
64.70 
61.58 

66:98 
72.18 
61.13 

48.02 
49.67 
50.4s 

51.69 
54-75 
58.14 
49.29 

37.8. 
40.  iS 
40,80 

35.52 
41.43 
53.19 
39-77 

32.05 
29.89 
30,08 

35.23 
30-55 
38.11 
30.95 

31.  Fremont  .... 

32.  Gallipolis      .     .     . 

38  5° 

8307 
82  05 

fco 

S9.?8 

35." 

41,44 

53.91 

6i'.87 

70.65 

7s'.72 

72,79 

6S.98 

53.84 

43.57 

ss 

33.  Gambier     (Kenyon 

Coll.)* 

34.  Garretsvffle  .     .     . 

40  24 

8223 

1000 

29.94 

28.23 

36,61 

46.10 

61.54 

69.85 

73.55 

68.59 

62,99 

49.54 

41-34 

28,41 

41   18 
39  36 

81  oS 
84  20 

900 
720 

22,57 

30. 1 1 

35-69 

53-46 

61.28 

70,17 

75,36 

70.20 
73,01 

63.67 
67.09 

52.56 

38-55 

40.41 

35-18 
27.99 

35.  Gilmore   .... 
37.    Granville       .      .      . 

40  18 
40  03 

81  20 
8230 

1 180 

995 

S:S 

y,t 

31.78 
34.76 

47,06 

62,55 
55-44 

69,99 
63-93 

74.91 
67-17 

65.56 

58.33 

44.53 
46- IS 

36.75 

34.28 
29-74 

3S.   Hillsboro'      .      .      . 

39  10 

83  27 

1 150 

29.07 

3>.S9 

38.24 

51-32 

60.46 

68.29 

72.SS 

70,16 

63.81 

50.79 

40.33 

30.90 

39-   Hiram       .... 

41  20 

Si   10 

1290 

22.59 

27-57 

33-37 

44.32 

54-92 

68.03 

72.63 

67.66 

62,74 

51.00 

36.58 

31,2s 

40.   HudaonfW.Reserve 
Coll.)' 

41   16 

8.  27 

"37 

28,40 

30.45 

38.63 

48-76 

57-72 

65.94 

70.91 

69.51 

62.05 

49.68 

37-09 

29-9" 

4..   Huron      .... 

42.  Iberia 

43,  Jaxd^nQacksonC.) 

41  25 
40  44 
39  02 

82  34 
82  47 
82  33 

ilea 
700 

33.21 

30-50 
34.16 

40. 35 
40.73 

47.02 
52-37 

57-39 
62,'r4 

69.33 
70,74 

75-19 

73,25 

63.09 
66.62 

47-65 
51-87 

43:61 

3'-33 

44.  Jackson(MonroeC.) 

45.  Jacksonbuig ,      .      . 

46.  Keene      .... 

47.  Kelle/s  Island  .     . 

48.  Kenton    .... 

49.  Kingston.     .     .     . 

50.  Lafayette.     .     .     . 

51.  Lancaster      .     .     . 

39  40 

39  30 

40  40 

39  26 

40  50 
39  42 

8056 
84  20 

81  53 
S3  43 
83  33 

£S 

82  31 

540 
1152 

'? 
1562 

692 
926 

34.80 

28.97 
26.60 
30.00 
26.94 

31-80 
32-90 
34-17 
28.7. 
33-41 
33-62 
33-70 

40.73 
35.54 
40.40 
33-69 
36.63 
39-34 

52.18 

53.37 
51.93 

63.23 
to?, 

59.57 

6^.44 

70.96 
69,49 
69.89 

68,2E 

72.14 
70.44 

73-53 

76,88 
77.02 
74-38 
73.56 
79-73 
74.28 

7S-07 

69.59 
74.62 
72.47 
72.22 

71.72 

64.96 
66,45 
66.06 
65,22 
67.01 
66.71 

6^.01 

52:76 
52.29 
51.45 
51V02 

40-33 

t& 

41-73 
40.21 
42-09 

39-17 

34,20 
29.69 
29.84 
30,26 
31-24 
30.54 

37.58 

52.  Lebanon  .... 

53.  Lewisville     .     .     . 

54.  Little  Mountain      . 

55.  MadisonT,     .     .     , 

3926 
40  ij 
41 38 
41 48 

84  09 
82  58 
81  16 
81  06 

828 

760 

620 

34-66 

4-53 
26.54 

34.25 

27.94 
27-43 

42.77 

29-79 
34-23 

54-38 

46.'36 
45-32 

63,76 

5S.?5 
55.64 

70.46 

65.74 
65.43 

73- SO 

69.S3 
70.41 

71.15 
66.44 
69-57 

68. 26 

65.12 
61,23 
fi2.66 
63,07 

52,10 

49-73 
50.42 

49-89 
41.44 
39-19 

jii 

56.  Mansfield       .      .      . 

57.  Margaretta    .     .     . 

58.  Marietta^.      .      .      . 

40  48 

41  27 
39  2S 

82  30 
82  46 
81  26 

850 

670 

25.41 
27.54 
3!. 12 

33.12 
27.67 
33-94 

41,70 
33-43 

46.89 
52.68 

58.S8 
61.67 

61.06 

72.92 
75-28 
73-12 

75.23 
71.S1 
71.47 

64.18 
64.60 

52.16 
49.61 
53-03 

39,01 
39-35 
41-93 

til 

33-45 

59.   Marion      .... 

40  37 

8307 

1077 

24.82 

28.12 

34-72 

48.86 

57.23 

67.66 

72,8! 

68.90 

62.96 

48.56 

38-49 

27,68 

60.  Martin's  Ferry   .     . 

40   ID 

804s 

27-59 

35-18 

34.98 

50.41 

54-58 

71.93 

6[.  Montville             (or 

Medina) 
62.  Mount  Auburn  Inst.* 

41  07 
39  07 

84  31 

1255 

29.45 
31.20 

29.24 
33-48 

36.42 
38.11 

45-84 
54-55 

57-19 
63.42 

65.57 
73.16 

70.07 

77-46 

68.85 
76-19 

63,30 
70.50 

50.94 
56.19 

38.37 
42.93 

31-38 
34.87 

'  The  observations  cd 

tnposing  this  series  were  made  at  the  State 

Librai7  and  Camp  Dennison. 

4  Observations  cocrec 

ed  for  daily  variation  by  means  of  the  gen 

era!  table.                                                                     '  Also  called  ] 

Ik  Run. 

*  Observations  previo 

us  to  1S69  were  made  at  Mount  Vernon,  a 

)out  five  mile;  west  of  Gambier. 

s  Observations  in  Jan 

and  Febr.  weve  made  at  Franklin,  about 

ii  miles  southeast  of  Gennantown.                      «  Altiitide  600 

eet  above  Lnke 

Urie. 
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1 

1 
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..„.,          .._i 

015SKRVF.R, 

References. 

P. 

< 

^ 

1      1 

Btgius.             Ends. 

'1'!°'' 

HOURS. 

iS 

s-'.ss 

4°.44 

o''-95 

4".22 

53''-29 

Apr.     1843;    May,iS65 

3  0 

= 

T.   Kennedy,  J.  Grei- 
T.  H,'  Johnson. 

MS.  from  S.  G.  0,  and  S.  Coll, 

'9 

31. S2 

Oct.     1861;   Feb.  1862 

0  5 

7m2„9.u^ 

s.  0, 

4930 

70-75 

50.64 

30.98 

50.42 

Mar.     i86oi    Mar,  1863 
Nov.    1864;   June,l865 

0  5 

M.  Sperry. 
D.  M,  Rankin. 

22 

47-93 

72.70 

53-8S 

Jan.      1845;   Nov.  1858 

7=,  2^  9. 

M.G.WiUiams,Dr.J. 
C.  Fisher,  L.  Gtone- 
weg,  and  others. 

MS,  in  S.  Coll.,  P.  0.  and  S, 
I.  Vol.  I. 

45  45 

65.66 

49.26 

29-48 

47.46 

Jan.      1840;   July,  1S66 

9 " 

M.-S.  M.  A.  Kllsbury. 

S.  Coll.  and  S.  O. 

-4 

4<"3j 

68.61 

50.S1 

28.43 

4S.69 

Sept.    1859;   May,  186; 

6     9 

7«2.  9„y, 

S.  B.  McMillan. 

P.  0.  and  S.  I,  Vol.  i,  and  ,S.  0. 

25 

485? 

SI.98 

28.06 

Dec.    1863;   JiUy,  1865 

Ollilippa  Larsh. 

S.  0. 

26 

July,     1869;    Mar.  1870 
Mar.    1857;    Dec.  1858 

0    3 

A.  B.  Knight. 

40  58 

69.93 

50-34 

30.47 

48.58 

1     9 

7m  2„  % 

S.  Sanford. 

P,  O.andS.  I.Vol.i. 

73.85 

54-39 

1870 

0     7 

7„2„9^M, 

C,  A.  Stillwell. 

S.  0. 

9 

78.66 

6..17 

40-13 

Time,  1790;   Apr.  1791 
May,    1859;    May,  1862 

3^ 

Turner. 

Phil.  Trans.                                      | 

3° 

4    <*' 

70.51 

50.06 

28.22 

49-15 

r  n 

7^.  2,9»M. 

H.M.  and  W.  David- 

P. O.andS.  I.  Vol,  I,andS.O. 

( 

'852 

0    I 

G. '.  % 

son,  Jr. 

S.  Coll. 

5    41 

73.05 

55-46 

33.19     1 

53-53 

Mar.     1854;    Dec.  1870 

■7     S 

7m  2^  %  u= 

Dr.    G','w'."l'.iYesay, 
A,  P.  Rogers. 

P.  O.andS.  I.  Vol,  I, and  S.O. 

3^ 

48  OS 

70.66 

51.29 

28.86 

49-72 

1852;    Nov.  1870 

2     6 

7„2,9.M, 

F.A.  Benton,C.A.  Still- 
well,  &F.K.Duun. 

P.  O.andS.  I.  Vol,  I,  S,0,,  and 
S.  Coll. 

34 

r86i 

0     5 

W.  Peirce. 

s.  0. 

35 

5014 

72.85 

53-35 

26.89 

5o.St 

Jan.      1S54;   Feb.  1S57 

3     2 

7^  2,  9^ 

L.   Gtoneweg,  J.   S- 
Binlcerd,    and    Dr. 
L.  Schenck. 

P.  0,  and  S.I.  Vol.  I. 

72.92 

33.50 

Jan.      1869;    Aug,  1S70 

7m2„9»M. 

S.  M.  Moore. 

s.  0. 

37 

45  75 

65.5; 

47.08 

27,94 

46.58 

Jan.      1S37;    Feb.  1857 

19  10 

1 

Dr.  Richards,  Prof.'  S. 
N.  Sanford,&  Carter. 

MS.  in  S.  Coll.,  P.  0.  &  S.  I. 
Vol.  I. 

38 

5001 

70.44 

51.64 

30-52 

50.65 

Jan.     1836;   Dec,  1S70 

33    4 

^ 

J.   McD.   Mathews  & 

C.  C.  Simms, 
Rev.  S.  S.  HiUier,  S, 

39 

44  zo 

69.44 

50.11 

27-15 

47.73 

Sept.    1S55;   Oct.   i860 

3     9 

7m  \  9. 

P.  O.andS.  I.  Vol.  I,S:S,  0. 

M,  T.nther. 

40 

4S37 

68.79 

49.61 

29.59 

49.09 

Mar.    1838;   June,l863 

9     5 

' 

Prof.  E.  Looniis,  Prof. 
C,  A.Your,g,E.  W. 
Childs,  and  others. 

Newspaper  slips  in  S.  Coll.,  P. 
0.  a  S.  I.  Vol.  I,  and  S.  0. 

ti 

4!'    5 

1854 

0     5 

7„,  N.  5, 

E.  W.  West. 

P.  0.  and  S.  I.  Vol.  I. 

42 

51.87 

1859 

0     3 

7m  2,  % 

S.  T.  Boyd. 

43 

517 

72-73 

54-03 

32.90 

52.S5 

1849;    June,  1858 

6     7 

E 

G.    L.    Crookham,  & 
M-  Gilmore. 

S.  Coll.  and  P.  0.  and  S.  I. 
Vol.  I. 

44 

5   05 

72.48 

52.27 

33-60 

53.60 

Jan.      1858;    Dec.  .859 

2    0 

7„  3„  9. 

E.  D.  Johnson. 

P.  0.  and  S.  I.  Vol.  1. 

45 

49  53 

73-71 

53-zo 

31 .9S 

52.11 

May,    1868;   Dee.  1870 

7ra2a9»1,l, 

Dx-,  J.  B.  Ousley. 

S.  0. 

46 

49  S6 

72.25 

5.3. 5S 

30-99 

51.67 

1849;            1854 

3     5 

Or  9m  3=  9, 

Bidwell  and  Spooner. 

P.  0.  &  S.  I,  Vol.  1,  &  S,  Coll. 

47 

45  4S 

71-33 

53-24 

49-64 

Apr.     1859;   Dec.  1S70 

II     9 

G.  C.  Huntington. 

Printed  Blip  in  S.  Coll.  &  S.  0. 

48 

46  -IS 

75.46 

53-17 

31-55 

51-68 

Apr.     1862;   Dec.  1870 

4  10 

Dr.  C.  H.  Smith. 

S.  0. 

49 

71-85 

53-42 

30-37 

51.60 

Nov.    1S63;   Dec.  1867 

3     7 

Prof.  J,  Haywood. 

50 
51 

73-44 

51,40 

1867 
Apr.     1843;    Jan.    1859 

7„  2^  % 

S.  Knoble, 

M.  Z.  Kreider,  L.  M. 

Dayton,  and  H.  W. 

J^er. 
J.  C,  Hatfield. 

MS.  in  S.  Coll.,  r.  0.  and  S. 
I.  Vol,  1. 

1 

53    <> 

71.70 

55-70 

32-31 

53.25 

Jan.      1845  ;    Mar.  1850 

3    0 

Or  9,„  3.  % 

S.  Coll, 

1852 

Bidwell. 

54 

4j  93 

68'.38 

51-28 

47.70 

Jan.      1867;    Dec.  1870 

3     5 

1m\%bi^ 

E.  J.  Ferris. 

s,  0. 

55 

45  oo 

6S.03 

50.56 

28.28 

47.98 

Dec.    1854;   Feb.  1863 

8    0 

Mrs.  A.  C,  King,  Rev. 

S.  L.  Atkins. 
Benton 

P.  0.  and  S.  I.  Vol.  I,  and  S.  O. 

50 

69-74 

28,92 

June,   .851;   Mar.r8S2 

0    9 

©V  9™  3^  % 

S.  Coll. 

S7 

4h40 

51-05 

28.28 

49.39 

Jan.      1868;    Dec.  1870 

3    0 

7m  2„  9,  ti. 

T.  Nc  11 

S.  0. 

5& 

51  9*1 

71.29 

52.S5 

33.  S4 

52.24 

June,    i8i8;    Dec.  1870 

49  10 

J.  Wo   1  Di  S  PHil 
dreth  D     G  0  Hd 
dreth   D  P  Adans 
and  Vi    H   F  Her 

Sm.    Cont.    to    Knowl.    1868, 
MS.  inS.  Coll,,andS.  0. 

59 

4f  94 

69.79 

50.00 

26.S7 

48,40 

Feb.     1865;   Dec.  1870 

5   11 

7^2,9^,,, 

Dr.  H   A   Johnhon  S. 

Kate  E   Johnson 
C,  R    and  Martha  E 

S.  0. 

Go 

4    b 

Jan.      1867;    Apr.  iS6y 

0  10 

Shiee\e 

61 

46  4S 

6S,i6 

50.50 

30.02 

48.79 

Feb.      1857;    Feb.  1863 

6     I 

Rev.  L  F  Ward,  W 

P.  ClTTl 

P.O.andS.I.  Vol.1,  and  S.O. 

^ 

•;  03 

75.60 

56.54 

33.18 

54-34 

Oct.      iS55i    Dec.  1870 

5    4 

E.  Hanniford  Prof  S 
A,  Norton  &  others. 

5  Observations  in  part  of  1S55  iiii 

1856  were  made  at  Areola  and  UnionviUe  in 

Lat.  4'''50', 

Long.  8l''oo'.     Possibly  these  are  different  names  for  the 

same  locality. 

S  Tliis  series  includes  observations  i 

1860-61  at 

Haimai,  about  one  and  a  half  miles  west  of  Marietta. 

B  Observations  previous  to  1861  v 

ere  nmde  at  Cheviol,  about  tbrec  miles  north 

f  Mount  Ver 

ou  Institute, 

10  MtitHsle  47°  feet  above  low-wa 

er  in  the  Oliio  River. 
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Name  of  Station. 

J 

J 

K 
094 

33°>9l 

4 

;s 

,       1 

s 

|! 

,  1 

% 

a. 

s 

1 

a 

63.   Mount  Tabor  .      .    1 

40=15' 

83°4o' 

35°-37 

39°-66 

..      63°. 14  |53°.4i  148°. 70  1 

29 ''.67 

64.   Mount  Union  .      . 

40  54 

81  27 

32,60 

26,31 

48°-5o 

6i°.'28 

49-99 

43-39 

30- iS 

65.  Newark.     .     .     . 

40  04 

82  22 

825 

30.04 

37-I3 

49.91 

56.22 

5''-45 

9° -90 

61.22 

52-32 

38.51 

32.36 

66.  New  Athens 

(FrankUn  Coll.)  . 

67.  New  Biimingbam' 

68.  New  Concord  .     . 

40  16 

8j  04 

65.3 

75-3 

46,8 

32.4 

40  10 

81  37 

24.38 

29.07 

35-24 

4S.76 

57-32 

66.20 

72.19 

68.51 

61.90 

36.94 

31.03 

40  03 

81  44 

33-oS 

32-25 

38,21 

62,37 

73-32 

73-4S 

71-95 

53.01 

47-17 

30.52 

60.  New  Holland!  (i^ 

miles  S.  W.  of)    . 

39  30 

83  09 

30.71 

3S.23 

54.66 

6S.38 

Si-95 

43.38 

34-S5 

70.  New  Lisbon     .     . 

40  50 

8050 

961 

26,20 

29-45 

35-76 

48.93 

59-70 

6^.92 

74-55 

71.04 

63-58 

50-51 

40,3' 

31.08 

71.  NBwWestfieid      . 

41  24 

8346 

692 

32.90 

50.00 

59-88 

66.95 

77.20 

76.5S 

66.85 

53.50 

38,78 

34-15 

72.  Nicholasville 

46-23 

73.  North  Bass  Iskn  i 

41  42 

82  46 

587 

28.'o8 

27.28 

31-68 

47.27 

62,'i3 

68-53 

73.38 

73-53 

68.10 

51.93 

39,60 

30.86 

74.  North  Bend 

!9  08 

S4  4_ 

800 

3^-55 

34.48 

41,09 

54.17 

63,66 

69,9s 

73-83 

73.56 

65.92 

56,04 

41-95 

31.29 

75.  North  Fairfield 

41   10 

823" 

060 

28.32 

29.32 

34-10 

48.89 

5S.10 

68,69 

74.18 

73.10 

65.95 

51 -OS 

40,79 

38.74 

76.  Northwood        ( 

40    0 

H  45 

1170 

32.79 

39-11 

32-11 

57-23 

7'-i5 

76.55 

71.29 

49.93 

36,09 

30.50 

Geneva  Hall) 

41  04 

Sr  !7 

34-40 

48.30 

51.12 

69,03 

66.30 

7S.  Norwalk     . 

41  10 

S2    jO 

25.29 

29.34 

35-02 

47.70 

55-95 

66.65 

70,64 

68.78 

61.64 

50-67 

40,31 

30.35 

79.   Oberliii  ,      . 

41     0 

8     I 

'!uo 

2488 

28,14 

34-97 

46.30 

58.10 

69.34 

72.20 

70.31 

64.53 

50-75 

39.49 

29-55 

80.   Oxford    .      . 

39  30 

S444 

950 

26.36 

31.40 

38.33 

50.67 

60,67 

71.44 

76,24 

73.41 

66,58 

S'-32 

40,53 

29.24 

81.  Peuiisviile  . 

39  35 

Si  so 

5S5 

72.20 

75-75 

72.65 

66.03 

55,88 

29.60 

82.   Perrysbnrg  . 

41  j5 

83  ^6 

25,60 

26.90 

36-55 

50.58 

61.16 

72,18 

77.68 

71.S0 

67-34 

54-03 

40.55 

31.10 

83.  Portsmouth. 

3842 

8     So 

537 

33-07 

36,17 

44.71 

54.29 

64,74 

72,29 

75.59 

74-51 

65-37 

57.70 

44.61 

36.76 

84.  Prospect  Hill 

^840 

S3o3 

700 

36.18 

35-60 

44.16 

51.16 

61.01 

72.69 

72.S5 

73-57 

64,74 

52.26 

46-65 

35-70 

85.  Republic     . 

41  09 

8300 

83 

.. 

62.18 

51-43 

86.  Ripley  (Brown  Co) 

3844 

8339 

'^74 

35.  "6 

35V62 

43-38 

56.76 

63-77 

73-28 

76-83 

74-54 

64.22 

54-92 

34-87 

87.  RipIey(HuronCo) 

41  05 

82  3b 

g65 

22,5s 

30-57 

36.07 

46.92 

56.20 

70.49 

72.29 

71.99 

66,27 

49.71 

43-88 

30.53 

88.  Rockportfi   .     .     . 

41  30 

Si  50 

665 

32.25 

34-01 

41.08 

50.34 

62.27 

67.28 

72.98 

72.45 

64.39 

53.95 

44-04 

34-S7 

89.  Saint  Clairsviile    . 

40  08 

8055 

600 

30-77 

30.91 

38.27 

40.39 

50,30 

59.43 

72.54 

71-77 

57-38 

45-3' 

43.40 

28.01 

90.   Salem     .... 

40  56 

80  54 

950 

31-83 

29.35 

34.30 

52-45 

64.35 

70-05 

75-33 

74.10 

64.45 

51-63 

38.93 

36.90 

91.  Savannah    ,     .     . 

S2  24 

25- '7 

28,54 

35-94 

48.60 

59-27 

68.41 

73.88 

71.22 

64. 38 

51-23 

38.22 

29.73 

92.  Saybrook     .     .     , 

41  52 

So  52 

050 

21.32 

26.87 

33-90 

47-73 

55-75 

67.18 

69.36 

68.69 

63.93 

48.44 

40.01 

31.50 

93.  Seville    .... 

41  00 

Si  47 

1075 

26.86 

33.60 

35-43 

48-72 

53.02 

67-65 

69-75 

63-45 

63.10 

53-60 

^f^t 

34-98 

94.   Sidney    .... 

40  .8 

84  09 

iS.38 

39-7S 

35-20 

40.33 

56,08 

67,81 

70-50 

64,32 

53.50 

38.96 

21.15 

95.  Smithville   .     .     . 

40  52 

81  ■;o 

934 

20.55 

27,20 

4S.43 

58-93 

66.98 

71.80 

72-73 

63.09 

45,98 

40.88 

27.93 

96.  Springfield  .     .     . 

39  54 

83  46 

38.90 

52,80 

66.78 

72.35 

77-90 

68.65 

97.   Steubeni/ille      .      . 

40  25 

80  41 

670 

29,76 

31-95 

39-53 

51.54 

61.91 

70.77 

74.94 

72.09 

64,79 

51.S7 

40.91 

3'-95 

9S.  Tailtoii  .... 

39  37 

82  45 

30-93 

35-96 

41,61 

46,07 

58,71 

64.73 

69.71 

64.23 

64.47 

49-55 

38.67 

30-13 

99.  Tole.lo6  .... 

41  40 

sj  r- 

6^4 

20,92 

29,73 

35-7' 

46.77 

58.22 

68.45 

72.35 

69.79 

63.44 

50.48 

39-58 

30.01 

100.  T  oy 

4    0 

84 

03 

29   4 

32,81 

40-48 

50.69 

63,91 

70.93 

74.70 

73-48 

63-98 

52.23 

40.38 

30-53 

101.  Tw  n  bu  g 

8     3 

68.73 

68.33 

58.63 

52.23 

102.  Uban    (L        ) 

40  OD 

0  5 

5  75 

29,26 

37-13 

49-79 

61.29 

69-55 

74.14 

71.10 

64.58 

50.79 

39-56 

30.14 

103.  Welchheld 

4     2 

g 

205 

66 

27-40 

34-68 

44-97 

57-57 

66,41 

71.21 

69.70 

61.90 

48.93 

37-83 

30.75 

104.  Wellngton 

41     3 

82      2 

875 

33-13 

62.88 

67.20 

73.10 

105.  Wes   Ba    e 

41  3° 

8400 

74-54 

69.85 

106.  West  Bedfo  d 

40  18 

82  0 

8  f 

483 

38.4> 

33-56 

62.48 

54.6a 

41.S3 

23-99 

107.  We=  e    iJle 

40  04 

S2  46 

S70 

31-3' 

38-77 

50,84 

60,37 

68,89 

73.56 

70.45 

50,27 

40.20 

31-74 

108.   Wes    Unon 

iS  48 

83  21 

30  2 

109.  W  11  -unsport 

(Mon  oe  Co  ) 

39  45 

'io45 

2700 

35-10 

37-05 

49,70 

39.20 

27-35 

no.  Wnlham 

41     7 

^    06 

3236 

27.43 

37.02 

43.56 

57.09 

65.37 

70.80 

6S,'i2 

62,24 

49-64 

37-61 

32.50 

III.  Wooster 

10  51 

81  50 

'^1 

29.31 

34-85 

49.75 

59.32 

71.31 

75.47 

72.65 

66,36 

50.38 

39-73 

29.36 

112.  Yankeetovn 

40  00 

V 

69.60 

76.40 

.13.  Yellow  Sp   ng 
114.  Zane  field 

39  49 

33  49 

47,80 

37-75 

40  22 

3  15 

61,25 

115.  Z,nes   lie 

BOS'* 

8     59 

70c 

■\ 

35-10 

3530 

:  55.20 

64.20 

71-69 

77.25 

73-67 

69,48 

52.40 

45-3' 

32-64 

1  Also  called  Milnei 

villc.                                                                                                                                    2  Also  called  Williamsport. 

a  Observations  oorre 

■ted  for  daily  variation  by  means  of  the  general  table.                                           »  Altitude  130  feet  above  low-water  in  the  Ohio  River. 
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OHIO. — Continued. 
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i 

I 

■s 

_. 

Sekies,                 Extent 

OESEavrN-G 

O..KRVER. 

Ubferrnces. 

^^ 

< 

g 

> 

Begins.           Ends.         yrs.mos. 

HOURS. 

6i 
04 

S...8 

2=.98 
29.70 

lS49i            '850 
Dec.     1857;   May,i86o 

0     7 

Or  9m  3.  9, 
7„i2B9.i,u 

Lapham. 
N.  Anthony. 

S.  Coll. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  0. 

("; 

7°  75 

8°.45 

50.68 

29.46 

49''.o9 

Jan.      1855;    Aug.  1863 

3     9 

L.M.Dayton&J,Dille. 

6 

July,    1843;   June,l844 

0     4 

0r  9«  3»  9. 

J.  P.  Masoii. 

MS.  in  S.  Coll. 

67 

47  II 

6S.97 

48.69 

28.'i6 

48.23 

May,    1862;   Aug.  1870 

6     3 

7,a  2.  %  bl. 

Rev.  D.  Thompson. 

S.  0. 

08 

72.93 

54-40 

32-15 

May,    1849;    Mar.  1S50 

Or  9„  3,  % 

Irvine. 

S,  Coll. 

69 

51  76 

31.92 

Oct.     1867  i   Oct.   1B70 

I      2    '    7m  2,  9^u, 

J.  R.  Willdnson. 

S.  0. 

70 

4''  13 

71.84 

51-47 

50.09 

Jan.      1S5S;    Mar.  1870 

J.  F.  Benner  and  W. 
R.  Smiley. 

MS.   in  S.  Coll.,  P.  0.  and  S. 
I.  Vol.  I,  and  S.  0. 

71 

73-58 

53-04 

Apr.     1862;   Feb.  1863 

A,  E.  Jerome.                   S.  0.                                                   | 

7 

1861 

7j 

4703 

71.81 

S3-2> 

28.'74 

50.20 

Tune,   1869;   Dec.  1870 

I    7 

Dr.  G.'R.'Moi'ton. 

74 

5-97 

72.^7 

54.64 

32-77 

53-21 

Oct.      1859;   Jan.   1869 

3    8 

A.A.&R.B.Warder. 

P.  0.  and  S.I.  Vol,  I,  and  S.O. 

75 

4703 

71.66 

52.61 

28. 79 

50.02 

Feb.     1867;   Dec.  1870 

3  II 

0.  Burvas. 

s.  0. 

70 

42  S2 

73.00 

31-46 

1852;    Mar.  1861 

7m  2,  9. 

Rev.  R.  Shields,  and 
J.  C.  Smith. 

r.  0.  andS.  I.Vol.I,  S.  o.,& 
S.  Coll. 

77 

4461 

1 861 

0     5 

A.  S.  Slecver. 

S.  0. 

78 

46    2 

68,69 

50.87 

28.33 

48.53 

Oet.     1854;   Dec.  186S 

Rev.  A.  Newton  and 
G.  A.  Hyde. 

P.O.andS.I.Vol,l,andS.O. 

79 

46.46 

70.62 

5'-59 

27.52 

49.05 

1849;   Dee.  i8;o 

8     5 

7m  2.  % 

Profs.  J.  H.  Fairchild, 
G,  N.Allen, and L. 
Heirick. 

P.O.andS.I.Vol.  J,S.O.,aiid 
S.  Coll. 

80 
81 

4989 

73-70 
73-53 

52.81 

29.00 

51-35 

Jan,      1864;   Dec,  1S70 
1S70 

tt 

7^2j^9.M, 

Prof.  0.  N.  Stoddard. 
J.  T.  Bingman. 

s.  0. 

8 

49  43 

73- B9 

53-97 

27.87 

51.29 

Mar.    1854;   Apr.  1858 

7,„  %  9i 

F.&D.K.Hollenbeck. 

P,  0.  and  S.  I.  Vol.  i. 

S3 

54  58 

74-13 

55-89 

35-33 

54.98 

Feb,     1824;   Aug.  1865 

29     9 

Dr.G.B.Hempsfead,G. 
H,Poe,Dr.D.B.Cot- 
lon,&L.EHgelbrecht. 

MS.  in  S.  Col!.,  S.  0.,  P.  0. 
and  S,  I.  Vol.  I,  and  Drake. 

84 

5    I' 

73-04 

54- 55 

35-83 

53-88 

Mar.    1849;   Jan.   1851 

Or  9„  3„  % 

Beatly. 

S.  Coll. 

85 

185 1 

Dorsay. 

So 

5464 

74.S8 

53-88 

35-'22 

54.66 

Oct.      1857;    Dec.  1867 

5     4 

7m2„9,M. 

P,  0.  andS.  I.Vol.  i,!indS.  0. 

J'? 

4640 

71-59 

53-29 

27.S9 

49-79 

Apr.     1867;    Dec.  1870 

Mis.  M.  M.  Marsh. 

s.  0. 

8S 

5'    3 

70.90 

54-13 

33-7 1 

52,49 

Mar.     1855;    Dec.  1863 

5    0 

Prof.   G.   M.    Barber, 
E.  Colbmnn. 

P.O.andS,  I.Vol.i.andS.O. 

Sg 

42  99 

67.91 

48.36 

29.90 

47-29 

Nov.    1849;    Oct.    1851 

G.2^ 

Tenin. 

Pat.  Off.  Rep. 

90 

=iD37 

73.16 

29.36 

51-14 

1870 

J.  E.  Pollock. 

s.  0, 

91 

4"  94 

71-17 

27,81 

49-55 

Mar.    1854;   Jn!y,  1863 

9     I 

Dr.  J,  Ingram, 

P.O.andS.  I.Vol.i.andS.O. 

92 

45  79 

68.41 

50-79 

26.56 

47.89 

Feb.     1862;   Apr.  1866 

2    5 

Rev.  L.  S.  Atkins,  J. 

B.  Eraser. 
L.  F.  Ward. 

s.  0. 

93 

45  72 

66.95 

51-83 

31.81 

49-08 

Jan.      1861 ;   Dec.  1862 

,    4 

94 

4387 

70.84 

52.23 

26.43 

48.34 

Sept.    1856;   Aug.  1857 

7m  2=  % 

J.  Shaw. 

P.  0.  and  S.  I.  Vol.  1. 

95 

70,50 

49,98 

35.23 

Oct.      1S64;    Sept.  1865 

I     I 

7m  \  %  Li. 

J.  H.  Myers,  and  W. 
J.  H.  Henan  and  G, 

S.  0. 

96 

Jan.     1869;   Sept.  1870 

0     6 

P.  Hachenberg. 

97 

5099 

72.60 

52.52 

31.22 

51-83 

Dec.    1830;    Dec.  1870 

39  II 

6„  N.  6. 

R.Marsh&J.B.  Doyle 

MS.  in  S.  Coll.  and  S.  0. 

ns 

4S80 

66,22 

50,90 

3234 

49-56 

Dec.    1S50;   Nov.  1851 

0, 

Jnlien. 

Pat.  Off.  Rep. 

Q9 

46  JO 

70.20 

50.83 

28,88 

49,20 

June,  1856;   June,  1870 

13  ro 

7„s.9.hi. 

Dr.   J.  B.  Trembley, 
H.  Benneft,  &  Miss 
S.  E.  Bennett. 

P.  0.  and  S.  I.  Vol.  I.and  S.  O. 

loi 

5169 

73-03 

52.20 

30.S6 

51-95 

Jan.      1859;   May,  1863 
i860 

4    3 

C.  L.  McOu^. 
N.  A.  Ompman. 

S.  0. 

10- 

4940 

71.60 

51.64 

28.38 

50.26 

1852;    Dec.  1870 

17     ' 

M.  G.  Williama. 

S.   0.,  r.  0.  and  S.  I.  Vol.  1, 

and  S,  Coll. 
P.O.andS.I.Vol.l,andS.O. 

103 

45  74 

69.11 

49-55 

28.26 

48.17 

Mar.     1S57;    Mar.  1866 

9    0 

B,  F.  Abetl. 

104 

1863 

L-  F.  Ward. 

S.  0. 

105 

1853 

7m  2^  % 

Tail. 

S.  Coll. 

52.98 

25-74 

Sept.    1856;   Mar.  1857 

0    ; 

H.  D.  McCarty. 

P.  0.  and  S.  I.  Vol.  I, 

107 

49  99 

70.97 

5 1-43 

30.58 

50-74 

Jan.      1858;    Dec.  1870 

11    7 

7™  2„  %  Dis 

Prof.  J,  Haywood, 

P.  0.  i.;id  S.  I.  Vol.  I,  and  S.  0. 

108 

1861 

Rev.  W.  Lundeen. 

S.  0. 

109 

29.82 

Nov.    i860;   Apr.  !86i 

0     6 

Dr.  W.  W.  Spratt. 

4189 

68,10 

49,83 

30.76 

48.64 

Mar.     1857;    Dec.  1859 

7m   2,  9^ 

S.  W.  Treat. 

P.  0.  and  S.  I.  Vol.  i. 

ni 

47  97 

73-14 

52.16 

27-57 

I      50.21 

Jnly,    1849;    Aug,  1870 

6     3 

7m  2„  9.  M= 

M.  Winder  and   wife 

and  Par-dee. 
A,  Jaque. 

S.  0.  and  S.  Coll. 

112 

■- 

1854 

0       2 

7m  2„  % 

P.  0.  and  S.  I.  Vol.  I. 

"3 

1843 

Or  9m  3„  % 

Phelps, 

Manuscript. 
P.O.andS.  I.Vol.I. 

ri4 

1854 

7m  2:,  9. 

J.  F.  Liikins. 

"5 

51-90 

74.20 

55-73 

33-^i 

1      53.76 

i 

Jan.      1819;    Nov,  1859 

3  I' 

W.  Pete.^,  Dr.  J.  G, 
F.   Holston,   &   L. 
M.  Dayton. 

MS.  in  S.  Coll.,  P.  0.  and  S. 
I.  Vol.  I. 

5  This  ser 

es  includes  observations  in  March,  1855,  .it  Berea,  about  six 

miles  southwest  of  Rockport. 

s  Observa 

ons  previous  fo  1S60  were  made  at  ColJingwood,  about  five 

miles  northwest  of  Toledo. 
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OEEGOH.                                                                                              1 

Name  of  Station. 

rf 

t 

k 

43 

1 

= 

s- 

i 

ii. 

3 

5, 

. 

i 

B 

^J 

kJ 

K 

1^ 

S 

< 

S 

•^ 

'^ 

< 

M 

6 

s 

fi 

1.   Albany  (near)    .      . 

44°35' 

22°50' 

600 

32''.oa 

39''.48 

37°.93 

52=.  28 

59°- 55 

..    67-.  83 1 

i''.2o    62=,73 

^1 

2.  Astorial     .... 

23    4S 

52 

38-44 

38.78 

44.24 

48.75 

53.16 

7°-50 

60.29 

60.77 

5S.30  52''.69   46°.23 

4o°.'83 

3.  Auburn    .... 

44  35 

1806 

350 

52.04 

71-48 

70-38 

..       .. 

31-23 

4.  Block-House      .     . 

44  25 

23    30 

39'3S 

42-83 

44.49 

46.  S3 

52.13 

5S-58 

60.59 

61.78 

59-31 

53.19  ,  44-91 

40-52 

5-  Camp  Haraey    .     . 

43  00 

19    00 

32-74 

28.25 

36.89 

48.55 

56.9a 

67.34 

74.27 

70.96 

62.05 

51.17 

40.42 

29.60 

6.  Camp  Logan       ,      . 

44  rS 

19    14 

600 

43.41 

49.08 

56.61 

66.53 

66.53 

57.71 

49.04 

45-52 

7.  Camp  Lyons      .     , 

42  43 

16    52 

500 

14,87 

27.19 

49-23 

52.52 

72.25 

72.69 

5'.S6 

41.85 

34.14 

8.  Camp  Three  Forks  . 

42  15 

'654 

22. 7S 

29.89 

37." 

43-78 

53-08 

63.08 

71.00 

71-23 

61.65 

52.61 

41.70 

31.11 

9.  Camp  Warner    .     . 

42  2S 

19   42 

25.08 

30.38 

34.17 

42.40 

49-79 

59-15 

67.62 

66. 5i 

57-23 

48.32 

38-25 

30.26 

10.   Camp  Watson     .      . 

119    48 

23.3s 

28.05 

36.10 

43.6S 

49.56 

57-39 

62.95 

66.14 

56.60 

43.99 

37-66 

33-22 

II.  Corvallis  .... 

44  32 

123    04 

31-57 

37-59 

36.32 

50.60 

56.85 

64.07 

66.10 

46.92 

42.89 

12.   Eola 

44  5? 

122    54 

500 

35.40 

39.05 

39.40 

46.79 

5i.'86 

58.47 

67-45 

6S.64 

fl^ 

49-32 

42.07 

33.22 

13.  Fort  Dalles^  .      .      , 

45  33 

120    50 

350 

31 -59 

38.21 

45-93 

53.51 

61-34- 

67.29 

73-79 

73.62 

63.87 

54-44 

42-52 

33-69 

14.  Fort  Hoskins     .     . 

45  06 

123    26 

38.74 

41.61 

44.96 

50.35 

55.05 

60.43 

63.55 

64.19 

59-78 

52-29 

45.08 

40.39 

15.  Fort  Klamath    .     . 

42  40 

121    SO 

4200 

32.78 

25,21 

34.06 

3S.81 

44.60 

52.26 

60,92 

58.77 

47.98 

40.65 

34.60 

24.98 

16.  Fort  Lane     .     ,     . 

42  20 

12246 

39-29 

43-52 

51-78 

52.45 

60.23 

68.66 

74.55 

73-09 

60.43 

40.39 

32.70 

17.  FortOrforda      .     . 

42  44 

124    29 

50 

48.73 

48.17 

49.95 

51-13 

55.06 

58. 66 

59-57 

60.92 

59.19 

55-82 

50.42 

48.77 

18.  Fort  Stevens      ,     . 

46    13 

123  57 

38.28 

40.76 

43.41 

48.95 

53.58 

5S.70 

62.89 

61.37 

58.18 

53-59 

48.90 

42-59 

19.   Fort  Umpqua     ,      . 

43  43 

124  10 

"s 

44.17 

46.22 

48.12 

50.69 

54.48 

59.47 

59.93 

59.72 

58.91 

54.10 

49.57 

45.51 

20.  FortYamhiU      .     . 

4S  21 

123  13 

37.12 

39,62 

43-55 

47.S1 

53-42 

56.97 

60-92 

61.23 

58.14 

51.21 

43.52 

38.17 

2!.  Oregon  City .     .     . 

45  20 

122    18 

200 

38. 60 

42.00 

45.20 

55.90 

&0.90 

66.30 

72.27 

71-63 

60.20 

55.80 

47.23 

38.93 

22.   Portland^        .      .      . 

45  30 

... 

45 

40.65 

40-73 

42.20 

51.65 

56.50 

65.61 

69.47 

68.09 

62.98 

53.18 

48.40 

39-31 

23.  Salem      .... 

44  56 

■"« 

120 

4'-3 

49-2 

45-5 

49.5 

58.4 

64.5 

67.1 

69.3 

65-2 

70-5 

58.2 

50.3 

24.  Salem       .... 

44  56 

122  4S 

120 

49,48 

25.   Willamette  Univ.     . 

45    22 

122   23 

120 

39.50 

■•   1  ^"' 

PENNSYLVANIA. 

1.  Abington 

41       I 

75  46 

1183 

23-93 

26.11 

31.97 

45.31 

55.15 

65.95 

69. 9S 

67.12 

6078 

47.39 

37.90 

27.40 

2.  AUegl  e  y  Arse  al 

40      9 

9  59 

704 

28.89 

31.67 

3S.S4 

50.36 

61.49 

69,90 

73.58 

71.59 

64.15 

51.45 

40. 38 

32.04 

3.  Alleghenj  C  y 

40    8 

So  03 

.. 

51.66 

4.  AUeghe  y  Tu  n  I 

40    jO 

7836 

2;6i 

29.67 

34.92 

47.14 

57-54 

68,57 

70.59 

71.31 

5.  Altoona 

40  3 

76  24 

1208 

33-03 

46.28 

46,49 

42-27 

29.40 

6.   Ashland 

40  48 

7620 

1005 

27,23 

31.88 

50.75 

58.01 

7.  Avondell 

40  27 

77  22 

515 

27.15 

25-97 

35.32 

45.98 

57.51 

68.28 

73.79 

70.42 

61.98 

49.69 

41.22 

26.31 

8.  Beaver 

40  43 

80  20 

29.89 

27.79 

54.52 

62.35 

72,56 

74.42 

72.10 

59.63 

53.14 

38.87 

29.81 

9.  Beave   Sem  nary 

4043 

8023 

32.11 

30.48 

37.S9 

48. 74 

60.18 

67.76 

74-56 

7 1-54 

62.81 

50.02 

40.76 

31.96 

10.  Bedford 

40  01 

78  30 

27-77 

30.68 

^7-90 

49.90 

60.52 

70.97 

74-12 

72.19 

63-64 

52.  .8 

40.13 

31-43 

II.  Berwick 

41  05 

76  15 

583 

25.21 

31.29 

39.36 

47.63 

59-76 

68.60 

73-00 

71.05 

62.08 

51.94 

40-94 

30-91 

12.  Bethlehem 

40  4j 

75  20 

300 

3^.81 

34.25 

38.53 

48. 31 

58,59 

69.82 

73-63 

69.54 

61-34 

51-39 

45-66 

33-06 

13.  Blairsv  He 

40  27 

7-  15 

28,2 

34.3 

42.1 

52.4 

54.9 

64.S 

66.0 

52.8 

47-7 

40.2 

28.D 

4"     J 

7S  og 

23-63 

29.25 

43.99 

52.96 

64.61 

68.66 

64.58 

59.23 

44-78 

35.60 

24.62 

15.   BrookviUe 

41   I 

79  08 

59.55 

68.57 

75.30 

72.00 

64.77 

16.  Brownsville 

400 

79  52 

35-33 

30.90 

54.03 

68.40 

74.88 

80.55 

77-00 

70.38 

58.55 

41.66 

34.24 

17.  Buffalo  To  vnsh  p 

40  44 

79  40 

47.80 

63.03 

65.13 

69.08 

18.  Bustletoti 

40  og 

75  o" 

28.25 

19.  Butler 

40  54 

70  50 

850 

28.48 

32.92 

39.92 

49.71 

60,78 

71,06 

74,82 

64.^ 

54-63 

41.96 

30.76 

20.  Byberry 

40  00 

74  S8 

70 

37.04 

33.68 

38.07 

48.85 

61,7s 

69.17 

74.57 

73-36 

66.08 

56.78 

44-35 

34.44 

21,   Canonsbu'g   (Jefte 
son  Coll  3 

40  17 

bo  11 

850 

27.95 

3'-67 

38.41 

48.77 

59.49 

67.74 

71,80 

70.13 

63.73 

51-97 

39.89 

31-23 

22.  Carliile  (Bi  racl   ) 

4     ' 

■■ 

600 

28,10 

30.17 

37-31 

50.16 

6.,35 

71.00 

75.04 

72.54 

65-42 

52.39 

39.15 

31.27 

23.   Carpe    e 

,4>., 

7.5. 

■• 

51.05 

60.95 

65,28 

66,00 

59.73 

'  Oi)servations  in 

iS5oandiSs,.-,t 

0.  9.  3.  %,  rrferred  to  6„  N.  6,. 

"  ObBcrvatloiiii  p 

evioustoi855i>t 

Di.  9i„  3a  %'  referred  to  7^^  2,,  %. 
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OREGOM. 

t 

i 

i 

1 

i 

Series. 

Extent 

Observing 

Oll3ERVr,K. 

References. 

— 

^ 

1 

1 

g 

>■ 

Begins.             Ends. 

yi3,r 

,os 

HOURS. 

49    Q 

Jan.      1S67;  Jan.   1868 

p 

9 

7^2,  9^  w= 

S.  M.  W.  Hindman. 

s,  0. 

43  7 

59''.52 

52°-4I 

39°.35 

SO^.Ijo 

Aug.    1850;   Dec.  1870 

18 

3 

6^  N.  6„ 

Assistant  Surgeon,  L. 
Wilson. 

Ar,  Met.  Reg.  1855,  and  U.  S. 
Coast  Survey, 

Dec.     1863;    Aug.  1864 

7m  2a  9,.  Ma 

R.  B.  Imside. 

s.  0.           ^ 

^ 

478 

60.32 

52.14 

40.91 

50.30 

Mar.    1858;   Dec.  1862 

+ 

3 

7„  2.  % 

Assistant  Surgeon. 

Ar.  Met.  Reg.  i860,  and  MS. 
from  S,  G.  0. 

5 

47  45 

70,86 
63.22 

51-21 
50.76 

26.86 

,49.10 

Jan.       1868;    Dec.  1870 
Nov.    1867;    Oct.    1S68 

3 

8 

MS,  from  S.  G.  0. 

7 

4786 

68.74 

50-57 

25-40 

48.14 

Oct.      1867;    Sqit.  1868 

s 

4400 

68.44 

51-99 

2793 

48.25 

Jan.      ,868;    Dec.  1 869 

9 

4_  !■> 

64.46 

47-93 

28.57 

45-77 

Jan.      l868i   Dec.  1870 

3 

4o  10 

62.16 

46.08 

28,22 

44.89 

Apr.     1867;    Apr.  1869 

62.34 

37-35 

June,   1866;   Feb.  1868 

7m  2:,  %  hi. 

A.  D,  Barnard. 

s.  0. 

460- 

64.85 

49.86 

36.22 

49.24 

1870 

T,  Pearce, 

n 

53  59 

71.23 

53-61 

34-50 

53-23 

Sept.    1850;    Mar.  1866 

13 

^ 

7„  2„  9. 

Assistant  Snrgeon. 

Ar.  Met,  Regs.  185s  and  i860, 
and  MS,  from  S.  G.  O. 

14 

50  i- 

62.72 

52-38 

40.25 

5'-37 

Nov.    1856;   Maf.  1865 

8 

" 

At.  Met,  Reg.  £860,  and  MS. 
from  S,  G.  O, 

IS 

3916 

57-32 

41.08 

24-32 

40.47 

Dec.     1863 ;    Mar,  1S66 

4 

MS.  from  S.  G.  O. 

i6 

548 

72.10 

38. 50 

Jan.      1855;   Oct.   1856 

6 

Ar.  Met.  Reg,  i860. 

17 

5_oS 

S9-72 

55-14 

48.56 

S3'-87 

Jnne,   1852;   July,  1856 

3 

Ar.  Met.  Regs.  1855  and  i860. 

i8 

4865 

6a  99 

53-56 

40.54 

50.93 

Nov.     1865;    Sept.  1S68 

8 

MS.  from  S.  G.  O. 

19 

51  10 

59-71 

54-19 

45-30 

52.57 

Aug.    1856;   May,  1862 

S 

10 

Ar.   Mel,  Reg.  1S60  and  MS. 
from  S.  G.  0, 

48    6 

59-71 

50.96 

3S.30 

49-31 

Oct.     1856;   Apr.  1866 

9 

5 

' 

54  :« 

70.07 

54-41 

39.84 

54-58 

Jnn.      1849;    Dec.  1851 

Or -2.  ©. 

Assistant  Surgeon,  G. 
M.  Atkinson, 

Ar.    Met.    Reg.    1855,    and    S. 

0  I' 

67,72 

54.85 

40.23 

53.23 

Apr,      1858;    Dec  1870 

^ 

° 

7„2,9^^;, 

G.  H.  Stibbins,  J.  S. 
Reed,  S.  W.  Gilli- 

P.  0.  and  S,  I.  Vol.  r,  and  S.  0. 

3 

5147 

66.97 

646^ 

46,93 

S7-50 

Oct.      1856;    Sept.  1857 

I 

0 

Newspaper  slip  and  P,  O.  and 
S,  6,  ' 

24 

'■ 

1863 

0 

, 

7iii  \  9s  1,1! 

R  L.  Willis. 

I 

May,    1S61;    Jan.    1S64 

° 

^ 

-1-,  H.  Crawford. 

PENNSYLVANIA. 

J 

44  14 

67.68 

48.69 

25.81 

46.58 

JaJi.     1864;   Dec  1870 

7 

^ 

0,N.  0, 

R.  Sisson. 

Table  in  S.  Coll.  and  S.  0. 

SO    3 

71.69 

51-99 

30.87 

51-19 

Jan.      1S25;    Apr.  1867 

33 

^ 

Tm  2„  % 

Assistant  Surgeon. 

Ar.   Met,  E^,   1855-60  and 
MS,  from  S.  G,  0 

3 

1849 

Or  9™  3i  % 

Stewart. 

S.  Coll, 

4 

5 

41'     i 

70.19 

1853 
Oct.     1859;   Apr.  1863 

° 

5 

7™  2,  % 

Seabrook. 

W.  R.  Boyei^,  T.  H. 
Savery. 

P,  0.  and  S.  I.  Vol,  r,  and  S.  O. 

4608 

1870 

4 

W.  E.  Honeyman. 

S.  0. 

70.S3 

50.96 

26.4S 

48,64 

June,    1867;    Apr.  1869 

W.  E.  Baker. 

S 

73-03 

50-55 

29.16 

.839!           1840 

7m  2b  9. 

W.  Allison. 

Joum,  Frank,  Inst. 

9 

4^9t 

71.29 

51.20 

31-52 

50-74 

Oct.     1867;   Dec.  1870 

3 

7„2.  9»w, 

Rev.  R.  T.  Taylor. 

s.  0. 

lo 

49  44 

72-43 

51-98 

29.96 

50-95 

J839;    Dec.  1861 

^ 

7„  2^  9. 

S.   Brown,   King,  and 
Rev.  H.  Heckerman. 

P.  0.  and  S,  I.  Vol.  1,  S.  0. 
Joum.  Frank,  Inst.,  &  S,  Coll. 

4S9 

70.S8 

51-65 

29.14 

50.15 

Jan.     1856;   Jan.   1865 

6 

7™2„9,h^ 

J.  E^ert. 

P.O.  and  S.  I.  Vol,  I,  and  S.O, 

48  48 

71.00 

52.80 

33-04 

51-33 

1849;           1S51 

3 

Or  9„  3a  % 

Klu|e 

S.  Coll, 

13 

42  9j 

46.90 

26.30 

44-51 

Oct.      1861;   Jan.   1865 

7m  2^  9.bi, 

W.  R.  Boyers. 

S.O. 

14 

4    07 

65-95 

46.54 

23-35 

44,48 

May,    1865;   Dec.  1870 

S 

6 

J.  Gratwohl. 

15 

71.96 

1854 

5 

6„  N.  6. 

D.  S.  Bearing. 

P.  0.  and  S.  I.  Vo!.  r. 

16 
17 
18 

77-48 

56.S6 

33-49 

Nov.    1869;   Dec  1870 
1860 
1854 

0 

7m  2,^9,  ^^ 

7m  \  9s 

Dr.  J.  A.  Hubbs. 

J.  H.  Baird, 

J.  C.  Martindale. 

S.O. 

P.  0,  and  S.  I,  Vol.  1. 

19 

5°  14 

72.56 

53-56 

30.72 

51-75 

1839;           1851 

5 

5 

MicUing. 

Journ.  Frank,  Inst,  and  MS. 

49  57 

72-37 

55-74 

31-72 

52-35 

1852;    Dec  1863 

5 

J.  Coiuley  and  others. 

P.  0.  &S.  I.Vol,  1,8.  Coll,,& 

S.O. 
P.  0.  and  S.  I.  Vol.  I.,  Jour- 

2! 

4SS9 

69.89 

5i,S5 

30.28 

50.23 

1839;    Dec.  1870 

18 

8 

7„  2^  9^1,1, 

Various  oT>scrvers. 

nal  Franklin  Institute,  and  S. 

Coll. 

41  17 

72.86 

52-32 

25.85 

51-15 

July,     1839;    Dec  1870 

29 

5 

7„  2^  9^ 

Assist.  Surg.,  H.Duf- 
fielcl,W.  C.  Wilson, 
H.  W.  Cook. 

Ar.  Met,  Reg.,  1855,  MS.  from 
S.  G.  0.,P,  0.  &S,  I.Vol.  1, 
and  S.  Coll. 

3 

64.41 

'"" 

° 

S 

7„2,9.hh 

E.  L.  McNutt. 

s.  0, 

a  0 

„.„0,., 

for  ten  montlTi,  of  1858  .ind  1859,  at  6„  N.  6^,  referred  to  7^,  2,,  9^  ^,^, 
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PENNSYLVANIA— Continued.                                                                                    1 

Name  of  Station. 

3 

1 

J. 

1 

i 

S            4 

j 

1 

1 

1 

1 

■i 

24,  CiitsLwissa      .     ,     . 

25.  Ceres 

40°sS' 
42  00 

76=30' 
78  25 

1440 

23^.36 

z3°-55 

32''-34 

42^84 

..       68=,68    7i''-28 
56^,06      64.63      68-55 

66'>','62 

60°,  98 
59-01 

45°.  76 

39^88 
36.19 

27°. '08 

26.  Chambecsburg    .      . 

27.  Chester  (U.  S.  Gen 

28.  Chromedale         (or 

29.  Dyberry   .... 

39  56 

39  51 
39  55 

77  40 

75  2' 

75  25 

618 

29.47 

33.S5 
29,77 

35-22 

36.21 
31.58 

43.95 

39-91 
38.55 

50-23 

50-35 
47-ss 

61-49      72-04 
59.35      69.53 

76-18 
74-36 

73.91 

65.33 
63,76 

54.27 
53.10 

40.45 
43.30 

33-29 
38,06 
33-53 

41  38 
40  43 

75  18 
75  i5 

340 

20.13 
24.29 

22.36 
27-13 

29.15 
35-Si 

43-37 
47-56 

50-76 
5S-69 

65.14 
69-33 

67,16 
74-43 

t',it 

63^6 

43-98 
50.73 

35.19 
40.36 

30.58 
30.37 

31.  Ephiiita    .... 

32.  Fallsingtoii   .     .     . 

33.  Fayette  Tannery  (2 

miles  east  of  Con- 
nellsville)  .     .     . 

34.  Fleming*.     .     .      , 

40  II 
40  12 

40  02 
40  55 

75  11 
7448 

79  32 
77  53 

'30 
780 

29.60 
30.14 

28.41 
24-05 

31-78 
32.15 

30.46 
28.38 

till 

51-65 
49-56 

49-29 
47.66 

59-90 
59.60 

57-91 
58,06 

72-26 
69.20 

67.62 
67.60 

77-33 
73.65 

72,42 
71.97 

nil 

69.67 
67.77 

67,88 
65,30 

54-,30 
53.S0 

49-97 
49.64 

44.11 
43-30 

40,59 
38.74 

32-43 
32.87 

31.27 
29-73 

35.  Fountain  Dale   .     . 

36.  Frankford  Arsenal  . 

37.  Franklin  .... 

38.  Freeport  .... 

39.  Fort  Mifflin  .      .      . 

40.  Germantown      ,     . 

39  44 

40  00 

41  24 
40  41 

39  52 

40  01 

77  18 
75  04 
79  50 
79  4' 
75   '3 
75  10 

£ 

25I68 

32.54 
29.26 

32-88 
24.26 

36-21 
40-73 
31,92 

40.46 
38. 72 

49-57 
51.04 

44-68 

50.66 
51.33 

59-93 
60.73 
57.76 

61.64 
61,59 

69-87 
69.43 
66,91 

71-63 
71.55 

74.99 
75.44 
73-98 
79.60 
76.55 
75- "6 

71.88 

77-27 
74,02 

72.82 

tkll 
60.75 
71.83 
68.41 
65-25 

53-96 
47-13 
57.19 
55.82 
52.14 

40,33 
42.41 
37,26 

45-69 

30,48 

34-69 
31-69 

41.  Gettysbui^    .     .     . 

39  49 

77  IS 

624 

27.82 

30,76 

38-85 

49.87 

60,76 

69.79 

73-79 

71,28 

63-38 

50.18 

40,00 

31-06 

42.  Greencastle   .      ,      . 

43.  Hiunlinton     .      .      . 

44.  Harrisbiirg    ,     .     . 

39  47 

40  16 

77  44 

75  26 

76  53 

375 

32"38 
30.67 

26.20 
32.18 

29,23 
40,23 

47.38 
51-7S 

59-82 
63,27 

73.50 

80.90 
78.63 

77-77 
70-35 
74.93 

70,50 
60,7s 
67.37 

45.31 
54.48 

36->3 
44.28 

ss 

45.  Haverford  College . 

46.  Hazletoa .... 

48.   Honesdale    .     .     . 
50.  Indiana    .... 

40  00 

40  58 

41  36 
40  3> 

40  40 

75  21 

76  00 
7823 

79  08 

;E 

734 
1320 

31  42 
29.23 

=6.35 
37.03 

33.4' 
32.19 

31,76 

39,08 

37-71 

■  ■ 
40.98 
36.89 

50,82 

47-86 

49.81 
50.01 

61.50 
59-49 

6ci.'76 
62.13 

70,81 

73-50 

73-02 
67.94 

76.54 

73-4^ 
69,71 

74-41 
72-70 

73-62 

70.28 

72.89 
68,22 

67,60 

62.99 

64.68 
60-59 

35-46 

49-34 

50,5s 
56.04 

44.35 
45.00 

39-75 
42.52 

31.6! 

30.71 
29.62 

51.  Johnstown     .     ,     . 

52.  Lancaster       .      .      . 

40  20 
40  03 

7S  S3 
75  21 

350 

32.92 
30.42 

26.95 
33-32 

33-77 
41.10 

44-44 
5 1. 89 

55-51 
60-33 

65-62 
70,12 

71.55 
73.54 

68,09 
71-93 

59.52 
64.37 

47- 78 
52,60 

37.00 
41-65 

29.33 
32.21 

53.  Lancaster  Colliery  . 

4048 

76  35 

920 

26.15 

30.19 

37-3? 

43-25 

56-22 

65-45 

69,84 

66.33 

59.34 

49,24 

39.43 

30.90 

54.  Latrobe    .... 

55.  Lehigt     University 

{S.  Bethlehem) 

56.  Lewisburg  Univ.      . 

57.  Lewistown    .      .      . 

58.  Linden     .... 

59.  Manchester    .      .      . 

60.  Meadville      .     .     . 

4038 

7921 

7S22 

569 
320 

23.40 

19-75 

35-83 

42.85 

56-25 
55.58 

68',26 

73.47 

70,41 

61.79 

49-44 

41.55 

26,45 

4058 
403s 
41  14 

40  32 

41  39 

76  55 

77  37 
77  11 
8003 
80  09 

.s 

23.42 
29.91 
27.22 
34.54 
23.25 

26.5S 
36.21 
30-39 

37-24 
28.4s 

34-56 
41.38 
40,23 
40.95 
31.89 

tin 

44-85 
45.04 
46,31 

57-84 
67-23 

58.63 
57-43 

69.05 
68,25 

if, 

73.14 
75-43 

75- '8 

72,22 

68.91 
72.71 

7i',8o 
68,09 

5i,68 
65.35 

62.54 
62.42 

48.86 
58.20 

50.24 
51.09 

38-73 

34.91 
45,01 
38.76 

38,17 

32,03 
29.84 

61.  Mercersburg      .     . 

63.  Milford     .... 

64.  Mooreland    .     .     . 

65.  Morrisville    .      .      . 

39  50 

40  32 

41  18 
40  00 
40  13 

11 'i 

74  50 

75  " 
74  52 

250 
30 

34-28 

27.81 
30-48 

30.78 
32,70 

30,80 
29.61 

41-41 
41.30 

37-48 
38-33 

54,80 

52,66 

50.22 
50-43 

65.44 
60,24 

69.74 
70-40 

5i'^5 

74-94 
71.43 

74,66 

75-iS 
69,92 
67,40 
70,87 
71.90 

67-43 

64.62 
65-37 

54.09 
53.82 

51.6s 
53.70 

41-03 
38,0. 

42.04 
42.50 

33-05 
30.81 

31-28 
31-27 

66.  Moss  Grove  .     ,     . 

67.  Mount  Joy    .     .     . 

41  40 
40  06 

79  SI 
7631 

1400 

24.20 
31 .33 

25.87 
32.27 

30-38 
40.53 

44-37 
51-95 

57.88 
62,79 

68-31 

73-03 

77,26 

69.14 
73-74 

60,76 

48.71 
54-92 

38.67 
43-79 

26,05 
33-53 

68.  Murrysville    .      .      , 

69.  Nai^avetli  .... 

40  26 
4043 

79  41 
75  21 

530 

26.74 
24.80 

26.47 
27-98 

39-84 
36-74 

44-63 
47-64 

58. 04 
59-10 

69,40 
68,45 

71-89 
72,61 

69. 88 
69,32 

61,80 
61,90 

51-30 
49.S6 

$f. 

35.72 
30-53 

70.  New  Castle   .      .      . 

71.  N.;wtQwn       .      .      . 

41  03 
40  15 

80  2t 

74  57 

27.20 
30. 76 

30,09 

30,40 

34-77 
39-09 

49-96 
49-31 

59.32 
59.46 

70,41 

68. 5o 

74,40 
73.94 

70,85 
71.55 

64-11 
63.17 

52,14 
51.33 

41.40 

39-74 

31-37 

1  Observations  were 
a  Observafions  in  18 

lade  at  very  irregular  h 
9-40-41,  and  from  De 

ours.      They  were  corrected  for  daily  variation  by  means  of  the  general  lablc. 
,  1858,  to  June,  1859,  a  period  of  three  years  four  months,  were  made  at  Bellefonlaine,  about  fo 

ur  miles 
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TEMPERATURE   TABLES 


PENNSYLVANIA.- 

Continued 

1 

a 

1 

1 

^       1 

Series.                 Extent  i 

Obsi-.kvino 

1 
Orsehvee. 

REl.-EKtNCES, 

24 

3. 

1 

1 

IS 

1 

Begins.              Ends,      y 

■s.mos. 

HOUES. 

i 

..0     Lj 

7a,2„9^^P^ 

A.  Curtis. 

S.  0. 

25 

>.i''-n 

ae^Vfio 

6''.  99 

4°V66 

4S°-5o 

Jan.      183s;    Mar.  .854 

9     9 

1 

II.   C.    King,   R.   P. 
Stevens. 

p.  0.  and  S.  I.  Vol.  I,  Rec.  in 
S.  Coll. 

26 

51.89 

74,04 

53-68 

32.66 

53-07 

July,    1858;   Apr.  1862 

2     6 

1^\%u« 

W.  Heyser. 

P.  0.  aiidS.  I.Vol.i,  andS.  0. 

27 

36.04 

Dec.    1863;   Apr.  1864 

0    5 

7„  2^  9^ 

MS.  froniS,  G.  0. 

28 

48.59 

71.46 

53-39 

3>-63 

51.27 

jEui.     1849  i   Feb.  1859 

9    9 

J.  Edw^ds'."* 

P.    0.    and   S.    I.  Vol.    i,    and 

primed  slip, 
S.  0. 

29 

41.09 

64.95 

45-79 

24.36 

44.05 

Jan,      1S65;    Dec.  1870 

5    7 

7„2„9^^i, 

T.  Day. 

30 

47.3s 

71. '3 

S'-5S 

27.26 

49.32 

Jan.     1855;   Dec.  1859 

5    0 

7^  2,  9. 

S.   J,    Coffin,  G.    E. 
Houghton. 

P.  0.  and  S.  I.  Vol.  I. 

3r 

49.5S 

74.07 

S5-43 

31.27 

52.59 

Nov.    1855;    Dec.  1870 

4     9 

7m2j^9.M, 

W.  H.  Speras. 

S.  0, 

32 

49.15 

71.71 

54,10 

31.72 

S'-67 

J.n.      i860;    Dec.  1870 

E,  Ilanse. 

33 

47.95 

69.90 

51.2S 

30.05 

49.80 

Jan.      1862;    Dec.  1870 

8  11 

7m  2„  %  ^„ 

J-  Taylor. 

34 

47.20 

69,11 

49.82 

27.39 

48,38 

Jan.      .839;    June,lS67 

14    0 

S.  Bru^er,  J,  1.  Eur- 
rell,  Alkins,  Harris, 
Livingstone. 

P.  O.aiidS.  I.  Vol.  r,S.O.,& 
Joura.  Frank.  Inst. 

35 

4S.57 

72.25 

51-38 

32.83 

51-26 

Dec.    1867 ;   Dec.  1S70 

7™  2j  9n  hH 

S.  C.  Walker. 

s.  0. 

36 

50.83 

72.63 

54.16 

32.64 

52-57 

Jan.      1S36;    Dec.  1843 

8    0 

Mai.  Mcirdecai. 

Blodgel's  Climafology. 

37 

44.79 

69.S0 

48.38 

26.14 

47.28 

Oct.     1867;   Dec.  1870 

3    2 

7„  2^  9.  t^ 

Rev.  M.  A.  Tolman. 

s.  0. 

38 

56.46 

1854 

0    6 

7u.  2.  9^ 

A.  D.  Weir. 

P.  0.  and  S.  I.  Vol.  I. 

39 

50.92 

74.07 

56.64 

3307 

53-67 

Jan.     1822;   Oct.   1853 

Ot  9„  3„  9» 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

40 

50.55 

73- '3 

52-83 

30.87 

51.86 

June,   1819;   Dec.  1870 

17    I 

Haines,  C.  I.  Wister, 

Jr.,  T.  Meeclmi. 
Prof.  M.  Jacobs. 

S.  CoO.  and  S.  0. 

41 

49-83 

71.63 

S1-I9 

29.88 

50.63 

Jan.      1839;   Feb.  1865 

24    2 

3 

P.  0.  and  S.  !.  Vol.  1,  MS.  in 

S.  Coll.,  and  S.  0. 

42 

.870 

0     3 

7m  \  % 

S.  W.  Rhode. 

S.  0. 

43 

45-48 

47-40 

29.77 

Sept.    1S69;    Aug.  1S70 

7„2j9„bi» 

J.  D.  Stoker. 

44 

51.76 

75-61 

55.38 

53-73 

Ja„.      1840;    July,  1S70 

29     3 

J.     Heisely.    W.    0. 
Hickok,  Dr.  W.  H. 
Egle,  R.  A.Martin. 

P.  0.  and  S.  I.  Vol.  I,  MS.  in 
S.  Coll.,  and  S.  0. 

45 

50-47 

73.66 

55-So 

32.16 

53-02 

Jan,      1S54;    June,l863 

S    2 

7m  2. 

Dr.  P.  Swift. 

P.O.andS.LVoLl.  andS.O. 

46 

1870 

7m  ^,1  9i  tlj 

J.  Haworth. 

s.  0. 

47 

48-35 

72.07 

52-44 

30- 3S 

50.81 

1853 

7m  2.  % 

Lowrie. 

S.  Coll. 

48 

1839;            "840 

Richardson. 

Journ.  Frank.  Inst. 

49 

50.52 

73-44 

5 1 -'67 

29- 5  5 

51.29 

1840;           iS4i 

Miller. 

49.67 

53.05 

29.47 

50-45 

1839;   Aug.  1858 

3  II 

White,  Pector. 

Joiim.  Frank.  Inst.,  P.  O.  and 
S.  I.  Vol.  I,  and  S.  Coll. 

51 

44.57 

68.42 

48.  .0 

29.70 

47.70 

Feb.      1868;    Dec.  1870 

7m  2,  9,  Ms 

D.  Peelor, 

S.  0. 

52 

51.11 

71.85 

52.87 

31.98 

5 '.96 

Jan.      1S39;              1850 

6     5 

7„,  2,  % 

Winchell,  Atler. 

Joum.  Frank.  Inst.,  S.  Coll.  & 
Dove,  1851. 

S3 

45.61 

67.2. 

49.34 

29.08 

47.81 

Nov.     1856;    Dec.  1S59 

3     2 

P.  Friel. 

MS.inS,  Coll., andP.O.  and S. 

I.  Vol.  I. 
S.  0. 

54 

1861 

0     1 

7m  2,  9:i  bis 

W.  R.  Boyers. 

55 

44-75 

70.71 

50.96 

23.20 

47-41 

June,    1867;    Not.  1868 

I     6 

Prof.    A.    M.    Mayer, 
N.  C.  Toolier. 

"  " 

56 

46.66 

70-37 

49.76 

26.06 

48.21 

Jan.      1856;   Dec.  1870 

10    9 

Prof.  C.  S.  James. 

P.O.andS.  I.Vol.i,andS.O. 

57 

55-17 

72.13 

1S39 

7m  2„  % 

Culbertson. 

Journ.  Frank.  Inst. 

58 

Nov.    1858;   Apr.  1859 

0     5 

1m  '.  9. 

J.  Barrett. 

P.  0.  and  S.  I.  Vol.  I. 

59 

48.21 

72.52 

52.60 

34.60 

51.98 

Mar.     1849;    Apr.  1851 

0r  9m  3„  9. 

Marks. 

S.  CoU. 

60 

45-21 

69.69 

50,76 

27,18 

48-21 

1839;   Sept.  1858 

5    9 

7™  2„  9„ 

T.  F.Thiekstun,  Ship- 
pen,  Williams. 

P.O.andS.  I.  Voh  I,  S.  Coll., 
and  Journ.  Franli.  Inst. 

61 

55-S8 

73-28 

54.18 

32-70 

53.51 

1S42;           1847 

Or  2^    % 

Green. 

Manuscript. 

62 

51.40 

70.58 

51-24 

29-93 

50.79 

1839;           1841 

7m  2„  9. 

Benkird. 

Joum.  Frank.  Inst. 

63 

'S39 

7.,  2j  7. 

Ball. 

64 

4S-S7 

70.92 

5^.77 

29.96 

50.55 

June,   1864;   Dec.  1S70 

6    7 

7  in  2„  9„  M, 

s.  0. 

65 

50.29 

72.47 

58.86 

30-45 

51.77 

Jan.     1790;   Dec.  1859 

67  10 

0.  2,  10, 

Pierce,  E.  Hance. 

MS.inS.  ColL.P.O.  andS.  I. 

Vol.  I. 
P.  0.  and  S.  I.  Vol.  I,  &  S.  Coll. 

66 

44- 2 1 

69.82 

49-38 

25.37 

47.20 

Feb.     1852;   Feb.  1S57 

4  10 

7m  2.  9^ 

F.  Schreiner. 

67 

5'-76 

74-68 

55-2S 

32.33 

53.52 

Mar.     1857;    Nov.  1870 

7„2.9.i,i= 

Dr.  J.  R.  HoiTer,  Miss 
M.  E.  Hoffer. 

S.  0. 

47-So 

70.39 

49-83 

29.64 

49-34 

Apr.     1857;    Mar.  1868 

2    4 

7m  2^  % 

T.H.&F.L.  Stewart. 

69 

47- S3 

70.13 

50.86 

27.77 

49- '5 

Jan.      17S7;    Oct.   1S66 

14    5 

7m2.  9^l,i, 

C.     J.     Reichel     and 

MS.  in  S.  Coll.,  S.  O.,  P.  0. 
and  S.  I.  Vol.  I. 

70 

48.02 

71.89 

52-55 

28,67 

50.28 

Jan.      1866;   Dec.  1870 

5    0 

E.  M.  McConnell. 

S.  0. 

71 

49-29 

71-36 

5' -41 

30.S4 

50.73 

Feb.     1837;    Mar.  1843 

6     2 

7m  ^.  9. 

L.  H.  Parsons. 

MS.    in    S.    Coll.    and   Journ. 
Frank.  Inst. 

=  Ob5crvalioii5  corrected  for  daily  vark 

ion. 

<  Observations  made  hourly,  or  else  co 

rected  for  da 

yvarialicn. 
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PENKSYI.VANIA.— Coiuiniicd.                                                                          1 

Namk  of  Station. 

2 

a, 

1 

J 

^ 

1 

1 

S' 

i 

^ 

1 

i. 

J 

g 

ii 

^A 

153 

3o°.9o 

£ 

a 

< 
48'>-26 

S 

'^ 

73". 82 

< 

64M0 

0 
53°.77 

'A 

P 

73.    Norrislowii        .      . 

40°o8' 

75° 19' 

32^40 

39^.33 

59°-27 

68°.56 

n:>, 

43^-53 

33.°40 

73,   Northumberland    . 

40  55 

76  49 

24.40 

30.97 

40.33 

52-37 

61.22 

69.24 

73.30 

71.01 

62.74 

50-89 

3S.S4 

30.64 

74.  Oil  City .... 

41  26 

79  43 

25.94 

46.19 

39-43 

31-57 

75.  Oxford   .... 

39  47 

75  59 

575 

61-35 

73.55 

73.30 

7I-3S 

70,63 

76.  Oakland  Observ.   . 

40  z6 

So  02 

25.80 

31-17 

39,81 

46.51 

60.43 

70,23 

74-27 

71.70 

65.73 

53.75 

42.68 

28.S4 

77.  Pamdise'     .     .     . 

4000 

7608 

26.63 

33-12 

42.29 

67.92 

77-50 

81.96 

78.25 

71.58 

^8.88 

37-5S 

29.46 

78.  PeonsviUe   ,     .     . 

41  00 

7S  38 

1400 

2!, 10 

23.56 

30-17 

43.42 

52.83 

65-32 

69.14 

65.70 

5S-97 

44.74 

34.71 

23.97 

39  56 

75   10 

3(i 

33-5 

40.0 

50.0 

75.0 

Si,o 

S7.5 

85.0 

80.5 

64-0 

54-7 

49.5 

80.  Philadelphia    .     . 

39  56 

75- 

36 

32-14 

35.45 

40.38 

51.05 

60.05 

69,64 

74.08 

73.03 

64.03 

54-61 

43-89 

34.68 

39  56 

75  10 

36 

33.3 

33-4 

41.2 

52-9 

62,1 

71.9 

76.4 

75-6 

68,1 

57-1 

43-7 

34.9 

82.  PMladelphial   .     . 

39  50 

75  10 

36 

327 

36.1 

45-6 

57-2 

68.1 

78.9 

82.2 

80.7 

73-4 

64.1 

47-6 

37-1 

83.  Philadelphia    .     . 

39  56 

75  10 

36 

30-7 

29.7 

3S.9 

49-2 

60.7 

68.3 

73-8 

70.2 

63.4 

53.2 

44,5 

33.9 

39  56 

75  10 

3^ 

30-1 

29.4 

3S.8 

49.4 

61.2 

69.7 

73.9 

63,6 

51.7 

41,5 

30.7 

85.  Phikdelphias  .     . 

39  50 

75  10 

36 

30.8 

29.4 

38.1 

51-1 

75.2 

72.4 

65,9 

53.9 

4^-3 

86.  Philadelphia 

39  58 

75  10 

114 

33-7 

31.6 

39-8 

50.6 

58.9 

lii 

71-S 

64,1 

51.3 

40,7 

32"6 

■  (GirardColl.) 

S7.  Philadelphia!    .     . 

39  56 

75  10 

36 

3'-32 

32.57 

40.19 

50.6S 

51.48 

71.04 

76.02 

73.45 

65-64 

53.99 

*" 

33.64 

Hosp.).     .     .     . 

39  56 

75  10 

36 

30-79 

32.71 

48-57 

61.26 

69.62 

74.  S3 

72.86 

65.18 

54.45 

43.29 

33.26 

89.  Phoenixville     .     . 

40  07 

75  32 

33-20 

33-68 

35-11 

50.45 

58.59 

70.03 

90.  Piltsburg     .     ,     . 

40  27 

79  59 

III 

29. 68 

31-81 

3S-47 

49.92 

60.64 

;o.i2 

75-73 

71-38 

65.84 

S2.88 

43.38 

33-44 

91.  Pocopson    .     .     . 

39  54 

75  40 

218 

2S.S0 

31.14 

38-12 

49-02 

60.06 

70-47 

75-86 

73-64 

66.20 

53-18 

42,85 

32-15 

92.  Port  Carbon     .     . 

40  43 

7606 

28.9s 

26.05 

37-25 

45.38 

57.50 

71.13 

71.94 

70.44 

58,77 

47-87 

40.65 

29,98 

93.  PottsviUe     .     .     . 

40  41 

76  12 

3 1 -86 

26.18 

34-87 

49.30 

59.26 

65-35 

74-65 

68.00 

61,90 

51.08 

42.14 

29,46 

94.  Plymouth  Meeting 

40  06 

75  16 

35.84 

29.69 

36.39 

48.63 

5S.72 

70.27 

75.41 

72.62 

6s,  19 

51-38 

41.15 

31.94 

95.  Punxalawney   .     . 

40  59 

7900 

58,13 

42-07 

34,42 

96.   Randolph    ,      .      . 

41  38 

So  00 

1720 

21.90 

20.89 

33.02 

43.23 

57.9s 

68.  IS 

74.10 

68.89 

65-11 

51-65 

35.13 

28, '18 

97.  Reading      .     .     . 

40  20 

75  55 

269 

29-53 

3 '-40 

37.76 

51.29 

59.79 

69.32 

74.44 

71-37 

63-74 

53-11 

42,62 

31.84 

98.  Rose  Cottage   .     . 

41  07 

79  09 

26,66 

30,61 

3^.74 

51.04 

61. iS 

64,82 

56.93 

51-25 

25.14 

99,  Salem     .... 

41  25 

75  25 

1600 

45.08 

53-55 

67.02 

68.20 

65.98 

62.05 

50-54 

39.61 

29.54 

100.  Shamokiii    .     .     . 

4048 

76  35 

700 

31.01 

32-44 

3S-96 

47.26 

60.06 

68.53 

70.73 

71.24 

64.92 

54-65 

41-53 

34.89 

loi.  Shirleysbui^    .    - 

40  17 

77  43 

640 

30-87 

34-08 

39.97 

52.12 

63.13 

75.22 

75.56 

73.59 

65-83 

49.02 

102.  Silver  Lake      .     . 

41  55 

76  01 

16-83 

27.10 

35.56 

4S-43 

58.39 

65.00 

71-55 

71-16 

59-16 

51-20 

38.16 

22.40 

103.  Silver  Spring  ,     . 

40  05 

7640 

28.36 

30.02 

38.69 

49.12 

60.  IS 

69.94 

74.00 

7 '.,35 

63-16 

50,00 

41.82 

32.21 

104.  Sewickleyville       . 

40  34 

80  10 

656 

27.13 

32.25 

36.33 

47.92 

53-42 

68.27 

67-25 

69.20 

61.40 

48,36 

37-52 

29.55 

105.   Somerset      ,      ,      . 

4002 

79  OS 

2195 

25.43 

37.46 

34.37 

45-53 

55-49 

64.83 

67-28 

65-72 

58,82 

47.30 

37-90 

28.69 

io6.  Stevensville      .    . 

41  45 

76  35 

300 

18.88 

32.  S3 

_ 

67-50 

72-73 

62,50 

S9.80 

49.48 

40-33 

26,7s 

107.   St.  Mary's  .      .      . 

41  25 

7845 

27.20 

40.03 

4S,k8 

57-62 

75-12 

108.  St.  Vincent's  Col- 

lege  

40  14 

79  29 

922 

32-23 

34-62 

39-04 

48.85 

58-42 

68.82 

70.77 

70.60 

63.27 

54,25 

39-65 

36- 38 

109.  Smithpott    ,     .     , 

4'  54 

78  33 

33-5' 

29.83 

32.52 

45-34 

54-13 

62.72 

67.00 

64.05 

55.11 

48.40 

32.20 

25.03 

no.  Sugar  Grove    .     . 

42  00 

79  24 

1450 

22.35 

24.09 

31.48 

41-33 

56,00 

4'  56 

75  40 

800 

68, 18 

76.^ 

113,  Tamaqua     .      .      . 

40  49 

76  «j 

30.48 

47-85 

59-55 

69.  S5 

113.   Tarentum    ,      .      , 

40  37 

79  46 

95° 

28'.  64 

32-75 

39.20 

46-23 

60.  ig 

68,44 

72.8. 

62.73 

50.84 

39.19 

34-37 

114,  Tioga     .... 

41  54 

77  " 

23-30 

25.26 

31-99 

45-40 

55-56 

67,07 

71.86 

68,33 

62.56 

46.66 

36.70 

26.76 

115.   Towanda       [Susq. 

Coll.  Inst.)       .      . 

4'  47 

76  30 

840 

26.15 

33-32 

49-57 

54-57 

68,05 

69,00 

63.37 

116.  Troy  Hill    .     .     . 

40  2S 

80  07 

937 

16,40 

20.72 

28.3s 

48.50 

46'.  18 

33.S5 

117.  Turtle  Creek  Val- 

ley     

40  28 

79  38 

960 

71.23 

118.  Wartior's  Mark     . 

4041 

7809 

35-22 

44.70 

58V00 

67,20 

74.13 

" 

'  The  observations  fr 

m  May  to  October,  both  inclusi 

e,  appear  to  be  about  5°  io 

3  high.      Probably  due  to  a  bad  exirosure  of  the  tliermomet 

r  during 

those  months. 

2  These  observations 

Tidently  require  a  negative  correction  of  about  6°. 

3  The  greater  part  of 

this  series  is  probably  included  ii 

Ihe  preccdinj^  six. 
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PENNSYLVANIA— Continued. 


i 

1 
1 

1 

1 

S    9 

;i°.43 

53°.So 

32^.25 

5r°.6i 

5    27 

71.18 

50.82 

28.67 

5°-49 

4«9 
47  78 

72.74 
72.07 
79.34 

54.05 
56.01 

28.60 
27-43 

50.91 
52.61 

J 

th* 

66.72 
84- 5 

46.14 
66.4 

41.0 

44-47 
63.6 

I 

504 

S 

498 
507 
4977 

73.25 
74-6 
80.6 

73.0 
71.03 

61.7 
53-7 
53-3 
54.0 
52.03 

34-09 
33-9 
35-3 
31.4 
30.0 
30.5 
33.63 

52-75 
54-2 

58-6 

5'.4 

50-9 
52.1 

51-36 

J 

5    s 

73.S" 

54.44 

32.51 

52.81 

I 

4    68 

72.44 
72,41 

54.31 
54.03 

32.25 
31-64 

52.25 

5'-94 

/ 

4907 

73.32 

54.08 

30.70 

51.79 

J 

467 
47  i> 

71.17 
69.33 

49.10 
5'. 71 

28-33 
29.17 

48- S3 
49-50 

St. 

44  73 
49  D 

72.77 

70.38 

71.71 

52-57 
44-87 
50.63 
53-'6 

32-49 

23'.*66 
30.92 

51.43 

47.35 

51-35^ 

J 

4876 
5    74 
47  4S 
49  33 
4589 

67.07 

70.16 
74-79 
69.24 
71.76 
68.24 

50-73 
53-70 

i& 

49.09 

27,47 

32.;8 

30.20 
29.64 

51-35 

47'.^ 

50-74 
48.22 

: 

45 

65.94 

48.01 

27.19 

45.57 

4R64 

67.58 

49. 87 

26.  IS 

J 

48    7 
4400 
4    94 

70.06 
64-59 

52-39 

45-24 

34.41 

29,46 

SMI 
45-82 

45.96 
48.54 
44-32 

69.09 

^11 

31.92 
25.11 

23V66 

50-47 
46.79 

45-97 

" 

-.ug.  1843;  July,  1863 


I79S;  Dec.  1804 

1807;  Dec.  1826 

1829;  Dec.  1S38 

1831 i  July, 1839 


Feb,  1831 ;  Dec.  1870 

Apr.  1843;  Dec,  1864 
1869 
1839;  Dec.  1870 

Jim.   1853;  Dec.  1870 


[839 ;  1S40 

1869;  Dee.  1S70 

Mar.  i860;  Jan.  1863 

1S53 

1839;  1841 

r.  1S63;  May,  1869 

,   1859;  Jan.  1S62 


1839;  Dec, 


1851;  Juiie,l862 
839;     I 841 
1S54 


7m  2,  %  Hi, 

7„  2.  9. 


Rev.  J,  C.  Ralston, 
Rev.  T.  Gi-ier,  L, 
E,  Corson. 

Huston. 

I.  A.  Weeks. 

D.  H.  Duffield. 

Wilson. 

J.  Frantz, 


Dr,  J.  R.  Coxe. 
Jan,es  Yonng. 
D:-.  Thomas  Hewi 


A,  D,  Bache, 


J,  A.  Kirlfpatriclc  and 
daughter,  A.  D. 
Baehe,  Dr.  Conrad, 
and  otliei's. 

Snrgeons  of  the  Hosp. 
Dr.  J,  L,  Cofftnan, 
Various  observers. 


Hewes. 

Dr.   A.  Heger,  Rev. 

B.   R.    Smyser,   D. 

Washburn,  Porter. 
M,  II.  Corson, 
Smith. 

0.  T.  Hobhs. 

J,    H.    Raser,  Engle- 

Gaskel'. 

J.  D.  Stoker. 

P.  Friel. 

Brewster. 

Rose. 

H.  I.  Biirdcart. 

J,  A,  Travclli,  G.   H. 

Tracy. 
G.    M0W17,    Dr.    F. 
Chorpenning. 

1.  R.  Button, 
Stokes, 

Piof.  R.  Muller. 
Chadwick. 
W.  O.  Blodget. 
H,  H,  Atwater. 
J,  Haworlh. 
J.  H.  Baird. 
E.  T.  Bentky. 

S,  J.  Coffin. 
V.    Scriba,   Prof.    E. 
Miillor. 


P.  O.  and  S.  I,  Vol,  I,  S,  Coll,, 
Blodget's  Climalology,  and 
S.  O. 

Journ.  Frank,  Inst, 

S,  O. 

S.  Coll. 

MS.  in  S.  Coll.,  P.  O.  and  S. 

I.  Vol.  I. 
S.  O. 
Blodget's  Climatology. 

Trans,  Am.  Phil.  Soc.  1839. 

Blodget's  Climalology. 

Darby's  U.  S. 

Trans.  Am.  Phil.  Soe.  1839. 

Journ.  Frank.  Inst. 

P.  O.  Report. 

Observations  at  the  Magnetic  & 
Meteorol(^cal  Observatory, 
Washington,  1847,  Vol,  3. 

Same  as  above,  Journ.  Frank, 
Inst.  1861  to  1869,  Blodget's 
Climatology,  S.  O..  S.  Coll., 
and  Dove. 

MS.  in  S.  Coll, 

S.  O. 

Journ,  Frank.  Inst.,  S.  O,,  P, 

O,  and  S.  I.  Vol.1,  &S.  Coll. 
P,  0.  and  S,  I,Vol,  (,  S.O..  and 

S.  Coll. 
Journ.  Frank.  Inst. 
Journ.  Frank,  Inst.,  P.  O,  and 
S.  I. Vol,  1. 

S.  O. 

Journ.  Frank.  Inst, 

P,  O.  &  S.  I.  Vol.  I,  &  S.  Coll. 

Journ,  Frank.  Insf.,  P.  O,  a 

&  S,  I.  Vol,  I,  and  S.  O. 
Journ,  Frank,  Inst, 
S.  0. 

S,  Coll. 


ind  S.  I.  Vol. 


andS.O. 


Journ.    Frank.    Inst.,   S.  Coll. 

P.  O.  and  S.  I.  Vol. 

S.  O. 
S.  0. 
S.  Coll. 

S.  O. 

Journ.  Frank.  Inst. 
P.  O.  and  S.  I.  Vol.  I. 
S,  0. 


P.O.  andS.  I.  Vol.  l,andS.  O. 


*  This  series  includes  tbe  preceding  one. 

fl  Tills  series  was  not  combined  with  the  preceding  one  because  the  rf 
ivhicli  is  contrary  to  experience  at  other  statiom. 


IS  corrected  for  daily  variation. 

the  temperature  at  9  P.  M.  lower  than 
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PENN  SYJjVANIA,— Continued . 


29''-99     32''.r4     ll'-^i 


.  Westtowii    , 
.  Wliitehall    .     . 
.  Wortllington    . 

123.  Williamsport    . 

1Z4.  Youiigsville 


39  57 

40  53 


75  34 
75  32 
79  37  1 
77  04 


33.S7 
27.42 
Z9.27 
35>3S 
23.15 


3<'.33 
39.41 


56.41 
59-15 
59.S6 


63-52 
63.68 
61.07 


RHODE  ISLAND, 


3.  Fort  Wolcott 

4.  Little  Compton 

5.  Newport  .     . 

6.  Newport  .     . 


63.  B9 

53-97 

42,94 

63.22 

54.30 

43-03 

63.43 
63.39 

53-55 
51.27 

43,27 
41.26 

60.09 
61,73 

47.02 
50-85 

39-3' 
40-45 

61.0 

.50-9 

38.8 

SOUTH  CAROLINA. 


33-63 
34-29 
34.16 


.  All  Saints 

.  Beaufort   . 

5.  Black  Oak 

'.  Rluffton    . 

,  Camden    . 


.  Evergreen     .     . 

14.  Fort  Mill      .     . 

.  Fort  Moultrie      . 

,  Gowdysville .     . 

..  Greenville     .     . 

18.  Hilton  Head      . 

19.  Morris  Island     , 

20.  Mount  Pleasant 

21.  Nightingale  Hall 

22.  Orangebui^  .     , 

23.  Richmond  Hill  . 

24.  E-Obertviile    .      . 

25.  St.  Johns .     .     . 


34  12 
33  33 

83  17 
8'  33 

3340 

32  36 

33  '9 
32  14 

34  IS 

79  17 

80  41 

So  51 
80  31 

32  47 

79  56 

32  47 
34  02 

79  56 
^0  57 

33  47 
32  34 

S^  r8 

34  22 

35  02 
32  45 
34  55 
34  52 
32  14 

8246 
80  52 

Ell 

83  18 
8043 

32  42 
32  47 

79  52 
79  55 

33  30 

33  3f 
32  36 

8048 
82  DO 
8!  12 

79  50 

35  oo 

81  27 

52.40 
44-35 
50-4 
52,24 

58.19 

IE 

51.40 
57-63 

55.65 
60.17 

jservations  correcled  for  daily  varia,tioTi. 

irrected  for  daily  variation  by  means  of  the  New  Hav 


79-43 

78.67 

77.19 

79.85 

79-08 

8i.97 

83.40 

83-33 

M2.1, 

80.64 

7^-99 
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PENNSYLVANIA.  ^Continued. 

^ 

1 

i 

1  1 

' 

SEKii!S.               Extent 

OBSliRVIKG 

,§ 

& 

tS 

Begins.           Ends.       y 

rs.mos. 

HOURS. 

119 

^".63    J 

r°.46 

3°, 40 

1^,63 

S..-.S 

July,    1S43;   Dec.  1S70 

16    6 

' 

E.  W.  Beans,  T.  H. 
Aldrich,  J.  C.  Green 

P.  0,  and  S.  I.  Vol.  I,  MS.  in 
S,  Coll.,  and  S.O. 

IZO 

4S.S1 

S.  Alsop, 

>.  0.  and  S.  I.  Vol.  1. 

47-94 

71,00 

52.34 

29,41 

50-17 

Jan.      1856;    Dec.  1870 

14  10 

or^-  ©. 

68.01 

30.02 

Jan.     1859;   July,  1862 

3     6 

S.  Scott. 

May,    1864;   Feb.  1870 

124 

'854 

04          7m  2.  9^ 

Dr.  A.  P.  Blodget. 

HHODE  ISLAND. 

J 

1856 

E.  G.  Arnold. 

P.  0.  and  S.  I.  Vol.  I. 

^ 

45.  b  I 

69.90 

53-60 

31.46 

50.14 

Jau.      1842;    Dec.  1870 

19      2 

Assistant  Surgeon. 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S,  G.  0. 

1 

46.37 

68.17 

53-52 

31-42 

49.84 

Jan.       1822;    Dec.  1S35 

14     0 

Ar.  Met.  Reg.  1855. 

Bailey. 

44.K4 

11.  It. 

1817;            1856 

43-76 

66.73 

5 '-97 

30-03 

48.12 

Sept.    1865;   Dec.  1S70 

5     4 

7»2^9aM, 

A.  Barber. 
H.  C.  Slieldon. 

66.17 

48.81 

46.  :8 

Jan.      1853;   June,i854 

1     6 

P.O.  and  S.I.Vol.l,&S.  Coll. 

45.27 

67-95 

51.01 

27.41 

47-91 

Dec.     1831;    Apr.  1867 

34    8 

A.    Casvr-ell,    H.    C. 

Sheldon. 

Sm.  Cont.  to  Knowl.  i860,  and 
S.  0. 

9 

42.60 

66.70 

50-23 

Jiily,    i8o5;   Oct.   1S07 

0.2. 

Med,   and  Agr,    Reg,    Boston, 
1S06-7. 

SOUTH  CAROLINA. 

J 

78.55 

63-20 

62,8s 

Jitly,    183S;             1S51 

2  10 

, 

Th.  Parker,  &  Barratt. 

Am.  Aim.  1840  and  S.  Coll. 

^ 

61.32 

J7-36 

61.96 

45-82 

6i.6i 

Jan.     1853;    Dee.  1869 

8    8 

7„  K  %  u. 

H.  W.  Ravenal,  J.  H. 

P.  0,  and  S.  I,  Vol.  I,  S.  Coll., 
S.  0,  and  MS.  from  S.  G.  O. 

78.54 

48.16 

Oct.     1854;   Apr,  1861 

6    5 

Rev   A   Glennie 

P.  0.  and  S.  I.  Vol.  I,  and  S,  0. 

Jidy,     1863  i    Mar.  1865 

,\Yr; 

Dr   M    M   Mirsh. 

S,  0. 

68.68 

81,46 

51-25 

1S44;            1S45 

Ferguson 

Manuscript. 

" 

69-47 

J    S    J    Guerard 

7 

61.90 

79-33 

45.16 

6z.i6 

Jan.      183S;    Apr.  1S69 

9     9 

1^  \  % 

McRae,  T  Caipen- 

ter,J   A    loung. 

Drs    J    L    Dawson, 

-  and  S.  I.  Vol.  I,  and  S.  Coll. 

65.C1 

51.46 

65.53 

Jan.      1738;   Oct.   1S61 

Am.  Aim.  1S42  and  foil.,  Print. 

Lining,    Chalmers, 

Phil.  Trans.,   1748,   MS.  in 

John  Ryan. 

Coll.,  ai.d  S,  0. 

9 

65-37 

80.03 
77.89 

67.43 
62.79 

^J:;^ 

65,9s 

Pat.  Off.  Rep. 

F.  0.  and  S.  I.  Vol.  I,  Rep. 

Feb,      1836;    Nov,  1859 

4  11 

7m  2„  Cl„ 

Dr,  E.  H.  Barton  and 

others. 

Brit.   Assoc.    1847,    Printed 
Journ.  Pat.  Off.  Rep. 

P.  0.  and  S.  I.  Vol.  I. 

12 

63-33 

60-55 

46-57 

Feb.     1856;   Jan.   1S57 

0  11 

7™  2,  9. 

E.  A.  and  Dr.  E.  N. 

Fuller. 
E.  J.  Earle. 

1870 

0    4 

7m  2.  9a  Mi 

S.  0. 

>4 

59-29 

Sept.   1869;    Trine,  1S70 
Jan.     1823;   Dec.  i860 

0     5 

R.  A.  Spring,  Jr. 

65-55 

80,89 

51.78 

t-^ 

33  II 

7„  2^  % 

Assistant  Surgeon. 

Ar.  Met,  Rejrs.  1855  and  i860. 

in 

61,42 

60.90 

Mar.     1869;    Dec.  187c 

1     9 

7m2»9iW, 

C.  Petty. 

s.  0. 

48.6^ 

62,02 

^"'^'=-0. 

Major  E.  Earle. 

MS.  in  S.  Coll. 

66. 2S 

82,16 

67-59 

5004 

66.52 

Apr.     1862;    June,i865 

3  " 

7m  2.  9. 

Maj.  J.  W.  Albert. 

Dec.     1863;    May,  1864 

MS.  from  S.  G.  0. 

1857 

K  2.  9. 

Dr.  E.  N.  Fuller. 

P.  0.  and  S.  I.  Vol,  1. 

68.11 

79-22 

.S49 

0    9 

o,<a 

Kelly. 

Pat.  Off.  Rep. 

63-99 

80,45 

65.05 

1   51.46 

65.24 

Aug.    1849;   Mar.  185! 

Or  9m  3«  9 

Elliott. 

S.  Coll, 

2S 

n7a",^^^in 

58-83 

76.87 

64,5c 

Newspaper  slip  in  S,  Coll, 

25 

62.63 

77.04 

63-72 

j  49.00 

63.10 

Mar.    1846;   Mar.  1861 

13  It 

0.2,9. 

W.    H.    and    T.    P 

Ravenal, 

Black  Oak  Agr.   Soc.,  Printed 
Jonni.,Pamph,  in  S.  Coll.,  P. 
0.  &  S.  I.  Vol.  I,  and  S.  0. 

36 

59- 5S 

b,,87 

Sept.    1867;   Nov.  1868 

'     ' 

7,„  2,  9.  w! 

1  C,  Petty, 

S.  0, 

s  Obsc 

vations  after  1839  were  made  at  Barratsville,  about  three  miles  soiilliwest  of  Abbeville. 

*  Obac 

valions  corrected  for  daily  variation  by  means  of  the  general  table. 
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TENNESSEE. 

Name  of  Station. 

3 

1 

3 

1 

1 

S 

< 

1 

1 

i 

< 

1 

3 

n 

1.  Alex 

44°  72 

35''-9' 

2.    Au5t 

DOO 

42°;83 

49°- 59 

57''-23 

67^'22 

75^.04 

78^07 

76°.52 

69^-55 

6o°.D9 

44.73 

39-69 

3.  Chat      00 

57-65 

4.  Cleam 

44 

70.43 

75.78 

75-03 

68.23 

58.30 

47-iS 

36.28 

5.   Diso 

40.91 

49.44 

58-13 

67.98 

76-75 

79,90 

73-62 

69.59 

62.84 

44.46 

44.08 

6.  Dove 

41.08 

48. 76 

57-38 

64-48 

70-25 

74-42 

73-41 

66.65 

55.76 

47-54 

7.  EUsabe 

38-93 

45  37 

55.23 

70.47 

75.80 
78,51 

74.84 

66.97 

54.20 

42.02 

34.27 

8.  Faye        i! 

45.24 

56.59 

61,19 

68!64 

76,76 

79-45 

70.21 

57-96 

50.74 

42.66 

77.08 

76.88 

74.90 

60.65 

50-47 

45.82 

10.  FortH 

60.99 

73-S7 

77.52 

83.66 

81.77 

77-63 

50-30 

37.16 

II.  Frienkhp 

70.13 

68.90 

72.49 

78.17 

12.  Galla 

48.0 

46.0 

60,0 

67.0 

75.0 

76-0 

75-0 

71.0 

54.0 

13.  Glen                   g 

44 

40.63 

47.36 

57-17 

64,59 

71.67 

75.87 

74,29 

68.70 

56.11 

46,68 

3S.S3 

14.  Gree                 us 

him  Co    ) 

39-97 

43.80 

55-52 

63-53 

71-55 

76,76 

74-82 

66.79 

42,98 

35-38 

15.  Kno    il     Eaa  T 

ness      U 

16.  La  Gra  E 

000 

40.79 

4f'-93 

56,92 

63.56 

71,20 

77-67 

75.33 

74-31 

56-93 

44.63 

35-76 

oS 

S9 

48.20 

S4-97 

60.69 

71.10 

76.28 

82,44 

79.40 

74.39 

63.77 

50.33 

37-50 

17    Lu  k 

00 

43-76 

47-95 

58.24 

66.53 

74.41 

79.46 

78.00 

70. 8 1 

59-15 

49-23 

38.86 

18    Mem 

44-75 

52.72 

59-89 

69,97 

77,40 

81.39 

79-79 

71-75 

59-14 

50,06 

41.41 

19    Noah 

42.22 

49-77 

61.81 

67.96 

73.18 

79,36 

76.53 

69.61 

57.31 

45-35 

39.12 

20   Nish 

3S.74 

50.^7 

56,14 

66,77 

75-79 

77.63 

78,97 

70,19 

49,80 

39.94 

31    Pom 

00 

00 

40-45 

45-98 

59.08 

65.93 

71.65 

78.15 

74-33 

66,38 

55.22 

45-91 

34-83 

22    Tren 

S9 

45.23 

47-65 

60,63 

68,49 

74,09 

''f^^ 

79-31 

58.29 

46.27 

41.88 

23    Umv 

42.17 

47,91 

61-33 

67.  iS 

72-33 

78,58 

73-23 

66,53 

55-95 

43-35 

36.18 

24    Wain     G 

80.66 

72.86 

43-40 

35.   Win 

41.60 

37-90 

TEXAS. 

I    AnaJioac 

29  47 

94  M 

60.35 

69,12 

74-97 

S0.37 

84-65 

So,  60 

78,80 

2    Aran  is  Canal 

7  47 

97  08 

52,00 

3    Au 

30  17 

97  44 

5 

4046 

S4-IO 

6o.'i4 

67.31 

74-05 

79.7c 

82'.  6 1 

82.72 

76,83 

66,22 

57.59 

49,92 

4    Bl  e  B  a    h^ 

0 

97     C 

0. 

5    53 

54,06 

59-5' 

65.17 

71.S1 

78,03 

79-86 

Si. 50 

75.22 

65.53 

62.70 

46.73 

5    Bl  ff  -lettlon  en 

0  oa 

g7  00 

So 

80.68 

82,17 

82,49 

80,3. 

71-52 

61.87 

48.98 

6    Bo  han 

3  40 

9fi  l^ 

4  5 

63,01 

60.0S 

35-48 

7    Buffalo  Spnngs 

13  1° 

y^    4 

3Q4S 

4S.68 

5  5- 70 

54-14 

8    Burkeviile 

93     8 

47  49 

50.  gs 

56-98 

S6.32 

73-35 

82.90 

in 

75-63 

62,40 

54-58 

43-87 

9    Can  p  Colo  ado 

3'  55 

99  17 

4    9 

52.05 

59-25 

64-75 

74-53 

82.81 

86.31 

75-25 

65,40 

52.21 

44,09 

10    Cimp  Conco  d  a 

3«  46 

106  21 

600 

4704 

50-95 

61,92 

67.45 

71-97 

8681 

83,09 

80.30 

7S.67 

69.26 

57-04 

49.96 

II    Ca    p  Cooper 

31  01 

99  00 

51-14 

56- u 

55.59 

74-74 

S3.39 

87.10 

81.53 

74-27 

62,77 

Camp  Hudso 

29  4 

49  34 

56-75 

64,36 

71-34 

79.30 

83-98 

87-23 

84.36 

78.51 

71,18 

57-32 

49.39 

13    Ca    pMooe 

4fioo 

48,70 

62.13 

64.05 

70.61 

4    Camp  S  ucktu 

0   20 

10      0 

4054 

5 '-43 

59-44 

68.20 

79,81 

82.51 

84-33 

80.75 

74.69 

65 -is 

56-07 

44,07 

15.  Camp  Verde       .     . 

3000 

99  10 

1400 

47.39 

52.72 

58.43 

64-45 

73.70 

82. 00 

82,07 

81 20 

72.71 

66.60 

53.99 

46.09 

16.  Cedar  Grove  Planta.- 

29  08 

95  43 

60 

53.09 

54-78 

62.90 

69.58 

74-77 

80.21 

81,84 

81.10 

78.33 

70.11 

59.19 

5S.11 

17.  Chapel  Hill  .     .     . 

30  10 

9620 

542 

53-3S 

63-23 

74.38 

78.73 

80.23 

78.95 

18.  Clarkeyille    .     .     . 

33  35 

95  02 

78.74 

83-98 

82,24 

78.97 

69,67 

59.74 

45-40 

19.  QintoM     .... 

29  04 

97  23 

54.81 

57-23 

61-35 

67.64 

75-'" 

8064 

81,49 

81,60 

77-44 

67.39 

63,7s 

49,69 

20.  Corpus  Christi   .     . 

27  47 

97  27 

20 

50-05 

55." 

64-75 

69.87 

77.92 

82.00 

82.46 

83.  M 

81.20 

72,36 

65-42 

56.93 

21.  Cross  Roads      .     . 

30  33 

97  4f> 

672 

53-45 

62,03 

70.55 

75.53 

85.55 

89.60 

78.63 

70.33 

57." 

41-61 

22.   Dallas'      .... 

32  44 

9^  45 

42.02 

53-34 

60.24 

62.22 

72,72 

75,01 

80,55 

81.03 

79.04 

67.46 

58.37 

43-78 

1 

The  observations  previous  to  iS 

I  were  made  at  C 

miberland  University  at  Lebanon,  very  near  Aitstiii. 

Altitude  given  as  15  feet  above 

he  Gulf. 
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TEMPERATFKE    Ti 


TENNESSEE. 


CO 

1 

§ 
-S 

1 
1 

>< 

\ 

S8=.oi 

76''-54 

58"Vi3 

39°. 70 

5S°.i9 

3 

5 

6 

I 

9 

SSV53 
56.S7 

^t?4 

72.69 
73.70 
78.24 
So-'gS 

56. 6s 
54-40 
59.64 

63^62 

39-S9 
40.73 
37.24 

58.53 
56.74 
54.96 
61.03 

13 

57.67 
56.37 

75.33 
73-94 

57-16 

38.63 

56.53 

15 

54.38 
55.80 

74.38 
74.73 

58.  fe 

ll:ll 

56.74 

1 

16 

62.25 

79.37 

62.S3 

42.21 

61.66 

17 

57-57 

77.29 

59.73 

41.10 

58.92 

J 

IS 

60.86 

79.53 

60.32 

43.ia- 

60.7: 

'9 

59- SS 
57.73 

76.32 
77.46 

57.42 

39.67 

58.32 

25 

li 

74.71 
77.68 
74.71 

55-84 
58.75 
SS-28 

37.10 
43-69 
39.12 

39.49 

56.16 

Series. 
Begins.  Ends. 


1851;   Dec.  1870 


S66;   Dec.  1870 
849;    Mar.  1870 


859;  May,  1861 
869;  Oct.  1870 
859;   Mar.  1861 


0,9m  3 

7„  \  9: 


and  otheis. 
G.  H.  Blaker. 
T.  P.  Wright. 

Favel. 

C.  H.  Lewis. 

McWelly. 

J.  M.  Patker. 

Dr.  R.  T.  Turner. 

Prof.  W.  M,  Stewart. 


S.  S.  &  W.  S.  Doak. 
Prof.    G.    Cooke    and 

J.  R.  Blake,  and  Dr. 

\V,  E.  Franklin. 
E.  F.Williams  &  Rev. 

C.  F.  P.  Baocroft. 
Various  observers. 


Prof.  J.  Hamilton. 
Rothrock,        F.       H. 

French,  and  Dr.  J. 

W.  Parker. 
J.  W.  Dodge  and  son. 
W.  T.  Grigaby. 
C.  R.  Barney. 
J.  E.  Bean. 
S.  W.  Houghton. 


P.O.  andS.  1.  Vol.  1,  S.  O., 

S.  Coll. 
S.  O. 

S.  Coll. 


Man 


:Tipt. 


S.  O. 

S.  Coll. 

S.  0. 

MS.  from  S.  G.  O. 
P.  O.  aiid  S.  I.  Vol.  I. 
Rep.  Brit.  Asso,  1847. 
P.  O.  and  S.  I.  Vol.  I, 
and  S.  Coll. 

S.  O.  and  Manuscript. 

P.  O.  and  S.  I.  Vol.  1,  S.  O. ,  S. 

Coll.,  and  MS. 
P.O.andS.  I.  Vol.  I,andS.  O. 

S.  O. 

Met.  Rep.  Memphis,  1857,  P. 

O,  andS.  I.  Vol.  r,S.O.,and 

S.  Coll. 
Am.  Aim.  1836  and  foil. 
S.  O.  and  S.  Colt. 


P.O.  and  S.I.  Vol,  I,  and  : 

S.  O. 

P.  O.  and  S.  I.  Vol.  I,  and  S.  O. 

P.  O.  and  S.  I.  Vol.  i. 

P.  O.  and  S.  I.  Vol.  I.  and  S.  O. 


68.15 

81,87 

.. 

67.17 

81. 68 

66. 8S 

51.16 

66.72 

65.50 

79.80 
31,78 

68.15 
71.23 

51.11 

66.14 

'ill 

82V;8 
84.13 

64VZ. 

64.39 

47-43 
47.45 
46-37 

65.00 

65-24 

71-67 

85.19 

68.32 
69.00 

49.32 

67-04 
69.^2 

65.60 
69.15 

82-53 

65.30 

47.35 

66.0S 

65.53 
69.08 

Si.  76 
81.05 

64.43 
69.21 

48-73 
55-33 

65-11 
68.67 

68.03 
70.85 
69-37 
65.06 

81.34 
82.52 

7S.S6 

69.46 
69.54 

lit 

68.39 

53.91 
54-03 

46.38 

68.  iS 
70.10 

64.65 

1867;  Feb. 
1S59;  Apr. 
1856;   Jan. 


May,    185S;   Dec. 


0     7 

1870 

19     0  1 

1870 

.     0 

0     7 

iRfiK 

iShI 

1861 

4    2 

i860 

1     0 

m-io 

2    lO 

1870 

2     3 

iSfio 

4     4 

1869 

2      2 

1S67 

0    6 

.XTO 

1856 

1859 

I     5 

Ot  9m  3.  9. 

7m2^9.hl3 

0..  N.  ©. 


F.  Koler. 

J.  Van  Nostrand,  Dr. 

S.  V.  Jennings,  and 

S.  Palm. 
F.  H.  Wade,  and  W. 

H.  Good. 
J.  Fietsam. 
Prof.  J.  Sias. 


H.  Stevens,  and  J.  B. 

Bosh  wick. 
Dr.  W.  Gantt. 
J.  Anderson. 
Dr.  A.  C.  Wliite. 
Assistant  Surgeon. 
F.  S.  Wade. 
J.  M.  Crockett,  W.  A. 


S.  O. 

MS.  from  S.  G.  0.,S.  Coll.,P 
O.  &  S.  I.  Vol.  I,  &  S.  O. 


P.  O.  and  S.  I.  Vol,  i. 
MS.  from  S.  G.  O. 
P.  O.  and  S.  I.  Vol.  I,  and  S.  O. 
Ar.  Met.  Reg.  i860,  and  MS. 

from  S.  G.  O. 
MS.  from  S.  G.  O. 
Ar.  Met.  Reg.  i860. 
Ar.  Met.  Reg.  i860,  and  MS. 

from  S.  G.  O. 
Ar.  Met.  Reg.  i860. 
Ar.   Met.   Reg.  i860  and  MS. 

from  S.  G.  O. 

S.  O. 


Ar.  Met.  Regs.  1855  and  1S60. 

P.O.  andS.  I.  Vol.  I,andS.  O. 

P.  O.  and  S.  I.  Vol.  I,  and  MS. 

in  S.  Coll. 


=  Also  called  Mine  Creek  and  Sandy  Fly. 

*  The  observations,  except  for  October,  November,  and  DecemI 


i!\de  at  Ferris  Plantation,  about  live 
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23.  Fort  B  IK     p 


z6.  Fort  CI   db 

27.  Fort  a    k 

28.  Fort  C      h 


30.  ForLL 

31.  Fort  E 

32.  Foct  G  tt 

33.  FortG   1 

34.  Fort  G   fl 

35.  Fort  H 

36.  Fort  I  (, 

37.  FortL 


40.  Fort  M  K      t 

41.  FortM         S 
.  Fort  Mas 

43.  Fort  M  mil 

44.  Fort  P  Ik 

45.  Fort  Q    tm 

46.  Fort  R   hord 

47.  Fort  T  rr 

48.  Fort\\     th 

50.  Gilme       (3     1 
wes     f) 
Goliid 
Gonziles 

53  Helen 

54  Houst 

55  Hunts   II 

56  Indian  1 
^7    Jrffers 
58    LaiiM 

59.  Lavac 

60.  Loclth 

6r,  NewB  1 

.  North  ra 

63.  Oakla  d 

64.  Pales 

65.  Kne  O  k 

65.  Planta        H  11 
67.  Rin^  HB 


73.  Waco 

74.  Waslu  gt 

75.  Webb  rv  11 


4956 
49  9 
43  99 


3     46 

9 
7  35 


3    45 
i    5 


4^ 

9    15 
99  4i' 


96  44 

98    S 

9S  43 


3859 

4  3 
57    5 

5  68 
4976 

45    7 

49  99 

45  ^^5 


49-63 
58.63 


48.09 
57-93 


50-3' 
52-45 
54.65 

57-31 

47-75 

5I-12 

45.98 
48,78 
56.36 


63.47 
55.19 
58.76 


56.SS 
55.80 
55-24 


65.78 
63-74 

55-27 

60.93 
59-5S 
63.0- 


51.45 

58.27 

54.20 

49.46 
49-31 
63.59 

57.73 
57.13 
58,02 
70.04 

58.13 
57-39 

63,04 
63.51 

57-25 
53-33 
56.41 

59.86 
59.77 

50.01 
57.50 

60.79 
62.26 

59-56 

64.88 

72°.45 
74.48 

79.99 


80.39 
73.93 
73.70 


76.42 
73.84 
74.79 
75-58 
78.06 


81.46 
83.17 
78. 62 
81-73 
78.34 
76.25 

85.76 

82.70 
78.94 
79-45 
77-23 
So.  10 

S2.64 


77-24 
75-48 
80.47 

82.78 

S3.35 


79.2S 
76.47 
85-95 


73.78 
78.32 
77.53 

Si. 68 

80.57 
79.  iS 
77.46 
76,10 
83-50 
79-75 

76.2S 


75.33 
73.35 
76.54 
79.94 


82.34 
84,42 
84.0 


80,92 

82.59 

81.69 

8..57 
80.73 
S6.42 

84,22 
81.50 

tit 

85.05 
84,64 

84.91 

86.05 

81.20 

80.61 

84.87 
Si.  72 

83,24 
84,03 

84.58 

85,81 

63-52 
69.51 
67.30 
61,34 


65.41 

67.74 

73-26 
74-36 
63-96 


51,86 
60.43 

56,,, 

53-40 


64,77 
56.97 
55.49 
58,03 

59.'5 


53.26 
52.41 
55.67 

63-67 
72.24 
52.69 


63.65 
67-35 
6554 


71-39 
67.50 
66.59 
63.59 
75-0- 


53-49 
56.01 
66.23 


73.06  61.44 
63.06  58,9s 
69,49     S' 


'  The  observations  in  1865,  except  for  December,  were  made  at  Franklin,  about  two  miles  northwest  of  Fott 
'  Observations  corrected  for  daily  variation  by  means  of  ihe  general  fable. 
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TEMPliRATURK    TABLliS. 


TEXAS.— Coiiti:iued. 

^ 

8 

i 

1 

Series.                 Exten-j- 

Observikc 

1 

a 

< 

$ 

>■ 

Begins.                Ends. 

...mos. 

OBSERVER. 

REKERK..ES, 

z3 

4°- 75 

1^ 

5^29 

3°-94 

64°- 32 

July,    1851;   Dec.  i8;8 

7     1 

7„  \  9^ 

Assistant  Surgeon. 

Ar.  Met.  Regs.  1855  and  i860. 

34 

65.62 

81.66 

64.86 

48.61 

65.19 

July,    1854;   Dec.  1870 

Ar.  Met.  Reg.  i860,  MS,  from 

S.  G.  0. 
Ar.  Met,  Regs.  1855  and  i860, 

25 

74,42 

84.  IS 

74,68 

61,98 

73-81 

Nov.    1S46;   Dec.  1870 

13    5 

.< 

and  MS.  from  S,  G.  0. 

26 

64.49 

S0.89 

63.05 

44-82 

63-31 

May,   1852;   Mar.  1861 

8  10 

27 

70.39 

83..  I 

69,42 

51.94 

68.69 

Aug.    1852;   Dec.  1870 

28 

65.86 

80.65 

66,98 

49.46 

65.74 

June,  1849;  Aitg.  1853      4    3 

Or  9„  3,  % 

Ar,  Met.  Reg.  1855. 

29 

65.40 

75-66 

61.4S 

46.04 

62.14 

Nov.    1854;   Dec.  1870 

7  10 

7„  2^  % 

Ar.  Met.  Reg.  1860&MS.  from 

S.  G.  0. 
Ar.  Met.  Regs.  1855  and  i860. 

30 

74.41 

86.48 

7z.11 

54-69 

71.93 

Oct.      1849;    Mar.  1861 

10    5 

and  MS.  from  S.  G.  0. 

3« 

73- 19 

83.64 

7Z-59 

55-79 

71.30 

Sept.    1852;    Sept.1854 

01-  9„,  3^  % 

Ar.  Met.  Reg.  1855. 

32 

64.79 

82.32 

67-80 

48-50 

65.85 

Oct.     1849;   Jan.   1853 

33 

64, 9  [ 

83-43 

66,86 

48.86 

65.77 

Mar,    1850;    Aug.  1853 

3    6 

34 

62.74 

S1.28 

42,85 

Aug.     1869;    Dec.  1870 

7m  2^  9„ 

MS.  from  S.  G.  0. 

3S 

75-6J 

81.9. 

72,70 

61.90 

7303 

1843 

Rep.  Brit.  Assoc,  1S47. 

3§ 

70.14 

'^J-S-i 

69.28 

53-25 

69.06 

Sept.    i849i   Jiui.   1868 

7    9 

7m  2j  9,, 

At.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 

37 

67.77 

83-79 

64,99 

47,78 

66.08 

May,    1856;    Feb.  1S61 

4  10 

Ac.  Met.  Reg.  i860,  and  MS. 
from  S.  G.  0. 

67.79 

81.04 

68.47 

54-S6 

68.04 

Aug.    1S49;   July,  1852 

2     3 

Ar.  Met.  Reg.  1855. 

39 

76.05 

86.49 

73-76 

57-25 

73-39 

July,     1849;    Dec.  1870 

Ar.  Met.  Regs.  1S55  and  i860, 
and  MS.  from  S.  G.  0. 

40 

65.67 

79-25 

64.15 

47.35 

64.10 

Apr.     1852;    Aug.  1S70 

7    5 

41 

62, S6 

l^-^t 

62.47 

47,24 

tl-f 

Aug.    1849;    Mar.  1853       2     7 

©r  9„,  3.  9. 

Ar.  Met.  Reg:  1855. 

42 

67.63 

82.28 

66.46 

50.86 

66.81 

Apr.     1852;   Feb.  1S61 

5    9 

7™  2„  9^ 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  fram  S    G.  0. 

43 

74.33 

83-56 

72-54 

55.50 

71-73 

Apr.     1851;   Nov.  1855 

3    5 

Ar.  Met.  Reg.  1855  and  1S60. 

44 

75.87 

July,     1849;    J^n.    1S50 

0    7 

Or  9m  3,  % 

Ar.  Met.  Reg.  1855. 

4S 

63-73 

8z'.o8 

6^.80 

43.18 

62.95 

Jan.      1859;   Dee.  1870 

3    I 

7„  2„  9„ 

Ar.  Met.  Reg.  i860,  and  MS. 
from  S.  G.  0. 

46 

65-32 

83.48 

64-38 

46,68 

64.72 

Apr.     i868;   June,i87o 

MS.  from  S.  G.  0. 

47 

65.36 

77.65 

64.89 

46,67 

63.64 

Apr.     1852;   Dec.  1853 

I    8 

Qr  9^^  3.  % 

Aasistanl'Smgeoii. 

Ar.  Met.  Reg.  1855. 

48 

63.11 

80.43 

65-37 

45-91 

^3-^i 

Nov,    1S49;   Aug.  1853 

3  10 

49 

69-35 

83-73 

70.92 

53-51 

69.38 

Sept.    1851;   Apr.  1S70 

3     ' 

' 

U.  S.  Coast  Survey. 

MS.  from  S.  G,  0,  &  MS.  in  S. 
Coll. 

50 

65-S9 

81.  S3 

65,18 

47.92 

65.22 

July,    1859;   Dec.  1S70 

5    ° 

7^^^%bu 

J.  M.  Gliusco. 

P.  0.  and  S.  I.  Vol.  I,  and  S,  O. 

51 

70-35 

82.57 

69,74 

58.68 

70-34- 

Dec.    1S32;    Dec.  1858 

7„  2^  9,, 

J.  C.  Brightman. 

P.  0,  Emd  S.  I.  Vol.  I,  &  MS. 

52 

71-57 

74-37 

57.97 

.71-73 

Feb.     1848;   June,l850 

2    4 

C.  D.  Bennett. 

MS,  in  S.  Coll. 

53 

1857 

0    3 

7m  2»  9, 

J.  C.  Brightman. 

P.  0.  and  S.  I.  Vol.  I. 

54 

68.67 

78".2 

69.22 

53-'o4 

67.26 

Mjy,    1867 ;    Dec.  1870 

7m2,  9„u, 

Miss  E.  Baxter. 

S.  0. 

55 

68.02 

83-15 

69.57 

55-84 

69.15 

1849;    Mar.  1854 

2    5 

0rN.   0, 

T.  Gibbs  and  Browne. 

P.  0.  and  S.  I.  Vol.  I,  &  S.  Coll. 

55 

186S 

7m  K  % 

MS.  from  S.  G.  0. 

57 

66.'2o 

82.13 

64,70 

54,4Z 

66.86 

July,    1869;   Dec.  1870 

58 

66.43 

82.55 

66.64 

49-79 

66.35 

Jan.      1858;   Dec.  1859 

F.  L.  VoVk'iui! 

P.  0.  andS,  1,  Vol,  1. 

59 

67,42 

8.-99 

69.62 

53-67 

68. 17 

Feb.     1869;   Aug.  1870 

I    7 

7m  \%  bl» 

L.  D,  Heaton. 

S.  0. 

5o 

67.71 

81.93 

July,    1869;   Aug.lS7o 

L.  Woodruif, 

61 

70.14 

84.64 

69,29 

5'.53 

68.90 

July,     1S50;    Dec.  1859 

9    ' 

7m  \  % 

Prof,    L.    C.    Ervend- 

burg. 

P.  0.  &S.  I.  Vol.  i.andS.  Coll. 

62 

63-35 

1S59 

0    6 

0r7m2.7„9 

P.  0.  and  S.  I.  Vol.  I. 

63 

81-38 

71.63 

18  ro 

0    9 

7m  2„  %  iii 

s.  0. 

4 

66.84 

50.78 

Oct.      1869;   Dec.  1870 

N.  S.  Bi-ooks. 

65 

66.32 

Si'.eg 

65,88 

45.79 

64.92 

1856 

Gr  N.  a 

Dr.  W.  H.  Gantt. 

P.  0,  and  S.  I,  Vol,  I, 

66 

65.45 

79-57 

63-76 

46.16 

63.73 

Dec.    1851  i   Mar.  1S54 

2    4 

Or  9m  3.  % 

Assistant  Surgeon. 

Ar,  Met.  Reg,  1855, 

67 

76.22 

86.24 

74.35 

59-93 

74,19 

Oct.     1849;   Dec.  1870 

10    5 

7m  2,  9. 

Ar.  Met.  R^.  185S  and  i860, 
and  MS.  from  S.  G.  O. 

68 

69.71 

85.20 

69.41 

52-84 

69.29 

Jan.      1S59;    Apr,  18S1 

B.  Schumann. 

P.  0.  andS.  I.  Vol.  I,  and  S.  0. 

69 

70.48 

83.73 

71,56 

52.74 

69,63 

Jan.      1846;   Dec.  1870 

8    7 

'7m  2.  9/ 

Assistant  Surgeon  and 
F.  Peterson. 

Ar.  Met.  Regs.  1855  and  i860, 
MS,  fromS.  G.  0.,&S.O. 

70 
71 

6S.07 

84. 83 

66,11 

47,11 

66-53 

1859 
1861 

0    " 

fl'Z,.. 

P.  0.  and  S.  I.  Vol.  1. 
S.  0. 

72 

65.66 

79-64 

67.88 

51.42 

66,15 

Jan.      1857;    Aug.  1867 

3     6 

7m  2,9.1,1. 

Dr.  W.  H.  Gantl,  and 
W.  Rutherford. 

P.O.andS.  I,Vol.!,andS,0. 

73 

66.66 

83.56 

65.18 

49,48 

66.22 

j  Apr.     1867;    Apr,  T869 

Dr.  E.  Merrill. 

s.  0, 

74 

67.42 

82,31 

69.28 

51,80 

67,70 

Dee.     1856;    Dec.  1S59 

2     8 

7m  -.  9. 

B.  11.  Rucker. 

P,  0,  and  S,  I.  Vol.  I. 

75 

71.46 

84.52 

Feb.      1859;    A]«:  1861 

E.  W.  VcIIowby. 

P,  0,  and  S.  I.  Vol.  r,  and  S,  O. 

»  Formerly  calle 

New  Wied. 

<  Also  called  I 

hantom  Hill.        ■ 

"  The  observatio 

IS  in  July  and  August,  1S67,  were  luade  at  Long  Point,  abo 

t  two  miles  northeast  of 

Union  HiU. 
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TEMPEltATUltB    TABLES. 


UTAH. 

ij 

Name  of  Station. 

i 

1 

■5 

1 

1 

1 

< 

1 

1 

J 

1 

1 

a 

S. 

a 

1.  Camp  Douglas  .     . 

2.  Coalville  .... 

3.  Fort  Crittenden'      . 

40=47' 
41  00 
40  12 

1H°S2' 
11306 

4S00 
5S30 
4860 

28".  71 

19.42 

3i''.99 
27-75 
28.61 

38=.  82 
32-15 
37-79 

48".  78 

48.;7 

6o°.32 
54.83 
59-38 

69".  06 
64.26 
72.96 

75''-90 
70.99 
76,33 

68.39 
73,71 

54°.67 
59-69 
61.01 

54''-34 
48.30 

42-°77 

36.S0 

3i''.93 
19-59 
24.54 

4.  Great     Salt     Lake 

City" 

5.  HebervilleS  .     .     . 

40  46 

"'  54 

4260 

25.86 

32,98 

40.70 

48.73 

60.35 

69.31 

76,56 

74.94 

64.10 

55.05 

4' -54 

32.30 

40  32 

III  16 

34.41 

39.67 

48.55 

56.53 

75.43 

82.58 

84.83 

84.29 

74,13 

62,65 

54-95 

38-42 

5.  St.  Macy's     .     .     . 
7.  Wanslilp  .... 

4042 
40  40 

\\\  ^ 

6200 
6200 

19.69 

26.05 
35-61 

28,00 
30,33 

36,70 
37-10 

54.70 
5'-83 

61.00 
59.91 

70.70 
70.  i  8 

70.67 
69.97 

59-25 
61.44 

46.75 
50-32 

38.S5 
38-35 

19-45 
31.07 

VERMONT 

I    B-irn^t 
a    Iradtird 
3    Biandon 

44  18 
44  01 
43  49 

72  05 

72  10 
7303 

952 
460 

22.9s 
19.29 

35,87 
13.70 
21.95 

28,57 

45-42 
41.91 

52.75 
54.75 

66.43 
64.01 

72,78 
68,67 

64.70 
65,87 

5S.43 

46.27 

36.63 
36.28 

Z.JO 
23-45 

5  Brookfield 

6  Builmgton 

7  Barlington 

43  50 

44  02 
4428 
4428 

72  31 

72  36 

73  13 
73  12 

359 
'346 
346 

24.78 

26.05 
15.95 
18,9 

33-89 
17,60 

4'.  39 
37-65 
39-5^ 
41,76 

52.51 
52-63 

54.68 

67.58 

66.6 
64,21 

71.49 
68^52 

66.77 

67.6 
67.24 

60,85 

57- 1 
58-76 

47.79 

45-2 
47.16 

43.5' 

33.5 
35.85 

21,2s 

24-7 
22.84 

8  Cilais 

9  Lasdaon 

4338 

72  25 

73  09 

490 

'7-23 
23.65 

18.81 
19.4S 

24,77 
29.03 

36.12 
43,60 

48.51 
53-34 

67.'76 

63.59 
73.44 

70.25 

53.60 
60,10 

48.38 

37.45 

24.67 

10    Craftsbu  y 

4440 

72  23 

1 100 

13.51 

16,63 

24.57 

37,60 

50.73 

60.97 

65,37 

62.15 

54.70 

42,49 

3'.7i 

18-35 

II    FairfiK 
13    FayetteviUe 

44  39 
42  57 

117 

350 

18.4 

'9-9 

31.0 

44.0 

56.; 

66,77 
63-5 

67.S 

66,1 

57.4 

46-7 

34-9 

24.1 

13    Ferrisburg 
14.  Crafton 
15    Luxeiiburg 
l5    Miadlebury 

44  11 

43  '2 
4+  28 
4403 

73  14 

72  34 
71  44 

73  10 

"3 

26.08 

'5. '68 
18.51 

18.83 

17,52 
21,30 

24.70 

26.33 
29,84 

37.77 
42.83 

56,38 

51.66 
5'-84 
54.52 

68.45 

63.96 
65,78 

72,88 

78.50 

63,69 

46,48 

44.55 
46.93 

33-S4 
32-34 
37.15 

24.74 
19,36 
33-23 

17.  Montpelier*  .     .     . 

44  '7 

72  36 

540 

22.8s 

17.85 

24,77 

38.86 

50.66 

60,67 

67.40 

63-98 

57-49 

46,40 

38.94 

23,26 

18.  Newbury       .     .     . 

19.  New  Fane      .      .      . 
30.  Newport       .     .     . 

44  o5 
43  58 
43  57 

72  07 

430 

750 

15-54 

19.04 
19,29 

23.29 

29,08 
30.67 
25-73 

41.S1 
43-27 
42.38 

53-S7 
54-45 

53-22 

64,70 
64,49 
64.95 

71. II 

67.06 
66,53 
65.5s 

57,60 

47-44 

35-38 
35. 58 
34-67 

24.46 
25,62 

21.  Norwich"      .     .     . 

43  45 

73  21 

6.61 

27,17 

24.43 

42.05 

5'. 59 

65.50 

69.71 

68.12 

65,40 

44.63 

33,28 

20.73 

22.   Ratidolpli      .      .      . 

43  55 

7236 

700 

17.19 

19.65 

35,64 

40.37 

52.79 

65,07 

69-59 

64-98 

57-45 

44.32 

34,08 

20-23 

33.   Rupert      .... 

24.  Rutland    .... 

25.  Rutland    .... 

26.  St.  Johnsbury     .     . 

43  15 
43  37 
43  37 
4427 

73  " 
72  57 
72  s- 
72  02 

750 
500 

540 

2775 
15  61 

2545 

31-73 
32-0 
3465 
27 16 

43.20 
41.0 

58.51 
50-0 

52.99 

67,96 
64.0 

62'.i6 

64.'.S 

70,79 
67.5 
67.30 
63.62 

62,63 
57.0 

50.13 
41.0 

38.79 
37.0 
39-70 
33-05 

25,76 

26!98 
17.43 

27.  Slielbiu-o  .... 

28.  Springfield    .      .     . 

29.  West  Charlotte  .     . 

30.  Williainstown     .      . 

3a.  Windsor  .... 

44  23 

43  'S 

44  20 
44  08 

!  42  53 
43  29 

73  II 

72  25 

73  15 
73 14 
72  ^0 
72  35 

150 

jOO 

951 

2569 
15  j4 
"95 

23,7 

2106 

15  72 
2643 
25.7 

2497 
29  24 
26  56 
254s 
29.6 

44-54 
37.93 

37.7 

53.22 

53-33 
55-71 
50.12 
52.28 
57-2 

64,71 

63.00 

68,48 
59-45 
64.97 
66,7 

71.6J 

66.08 

65,04 
66.37 

6^:36 
60.03 
63-7 

HZ 

63.43 

lit 

6i.i 

47.77 
41,79 
45.50 
47,8 

35-n 
37-56 
35.40 
30.08 
36.75 
35.0 

21,72 
23,6 

33.  Woodstock    . 

43  i(> 

72  31 

5SO 

16,44 

14.95 

23.52 

38.78 

52- '3 

62.59 

68.07 

63,91 

55.81 

41,85 

S'.oS 

19,64 

1  Observations  provio 

2  Observations  prior 
8  Also  known  as  St. 

improper  exposure  of  the 

us  to  Mai-ch,  1861,  were  made  a 
0  1861  at  various  hours;  tliey  ha 
George.      Tlie  series  is  unreliable 
instrument,  or  defective  scale. 

old  Camp  Floyd. 

ve  been  referred  to  7^^^  2^  9^ 

;  when  conijjared  wiLh  othc 

hia.  'jy  means  of  the  general  table, 
stations  the  results  avc  shown  to  be  much  loo  high;  probably  ilue  to 
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TBMPEEATCRE   TABLES. 


UTAH 

1 

3 

1 

■5 
< 

1 

3o=.87 
24.19 

1 

SitKiES.                .Extent 
Begins.             Ends.        yrs.mos. 

OiibEltVIfiC 

0....V.,, 

RF.FF,RENCr.S. 

49°- 31 
4S.S5 

74.00 

53°-93 
47-77 
48.70 

5i=.9o 
48.86 

Dec. 
May, 

July. 

1862;    Dec.  1870 
1S69;   Dec.  1870 
1858;   July,  1861 

7 
3 

9 
5 

7„  2„  9. 
7„,  2^9,^1, 

7.,  2^  % 

Assistant  Surgeon. 
T.  Bullock. 
Assistant  Surgeon. 

MS.  from  S.  G.  O. 

S.  0. 

Ar.  Met.  Reg.  i860,  and  MS. 

from  S.  G.  0. 
Ar.  Met.  Reg.  1855,  P.  O.  and 

S.  I.  Vol.  I,  and  S.  0. 
S.  0. 

4 

49.93 

73-57 

53-56 

30- 3S 

51.S6 

Jan. 

1850;   Aug.  1870 

9 

° 

7m2.9aM» 

H.E.&W.W.Phelps, 

and  others. 
H.    Pearce    and    C. 

5 

60.17 

83.90 

63-91 

37-50 

6«.37 

Jan. 

1S61;   june,l87o 

2 

2 

7 

39.80 
39.75 

%t 

48.28 
50.04 

25.46 

45.48 

j=: 

1865 ;    Aug.  1867 
1866;    Mar.  1S69 

I 

° 

?m  2„  9^ 

T.  Bullock. 

S.  Coll. 
S.  0. 

VERMONT.                                                                                           i 

3 

41.24 
41.74 

67-97 
66.18 

46.99 

15.16 
21-56 

44,12 

Apr. 
Oct. 

1866;    Mar.  1869 

185S 
1852;   June,l869 

13 

3 
3 

7m2„9„M. 

7m  2„  9. 
7m2,9«M, 

Dr.  B,  F.  Eaton, 

L.  W.  Bliss. 

D.  and  H.  Buckland. 

S.  0. 

P.  0.  and  S.  I.  Vol.  I. 

P.O.andS.I.VoI.  l,S.O.,and 

S.  Coll. 
S.  Coll. 

s.  0. 

MS.  in  S.  Coll.,  S.  0.,  P.  O. 
and  S.  1.  Voi.  I. 

s.  0. 

P.  0.  andS.  I.  Vol.  I,  S.  0.,& 

S.  Coll. 
P.O.  and  S.I.  Vol.  1,  and  S.O. 

4 

I 

7 
8 
9 

42.56 
35-96 
41-43 
41.61 

36-47 
41.66 

68.61 

67.47 
66.66 

70.48 

50.72 

45.27 
47.26 

48.64 

24.03 

19.33 
20.97 

22.27 

46-48 

43-37 
44.12 

45-76 

Mar.     i849i    Sept.  1851 

1863 

1803;           iSoS 

Jan.      1828;   Nov.  1864 

Feb.      1S61 ;    Sept.  1864 
1851;   Dec.  1870 

6 
29 

6 

4 
6 

3 

0r  9„  3.  9^ 
7m2^9.m. 

Frost. 

T.  F.  Pollard. 

Prof    Z.   Thompson, 

and  M.  K.  Petty. 
J.  K.  Toby. 
D.  Underwood  and  R. 

G.  Williams. 
C    A.  J.  Marsh,  J.  A. 

Paddock,  and  E.  P. 

Wild. 
Prof.  S.  H.  Peabody. 
Gen.  M.  Field. 

lO 

37-63 

62.80 

42.97 

16.16 

39-89 

Jan. 

1854;   Dec.  iSjo 

16 

4 

11 

43-73 

65.70 

46.33 

2O.S0 

44.14 

May, 

1854 
1S26;   Dec.  1834 

I 

I 

7™  \  9. 
Or  3.  9. 

P.  0.  and  S.  I.  Vol.  I. 

Am.  Jonrn.  Sci.  and  MS.  in  S. 

s.  0. ' 

S.  Coll. 

S.  0.  and  S.  Coll. 

'3 

'A 

42.44 

38.64 
42-39 

73-28 

65-34 
67-20 

47.67 
47^66 

17.52 

46.65 

41.41 
44-57 

May, 

1S69;    Dec.  1S70 

1843 
1S4S;   Dec.  1870 
1849;   Dec.  1870 

19 

8 

7„2.9.«= 

0.  9m  3a  % 

7^2„9^M. 

D.  C.  &  M.  E.  Barto. 

Peabody. 

H.  A.  Cutting, 

H.   A.    Shelden   and 

Parker. 
B.   J.   Wheeler,    Dr. 

M.  M.  Marsh,  and 

Thompson. 
D   Johnson 

L    W    Bliss,  "and  J 

M   Cumer 
Prof     A      Tackmann, 
and  Di   B  F  Eaton 
{.   S   PT.me  E  Bethel 

in.I  Manlj 
J   Parker 
Williams. 
S.  0.  Mead. 
T.   K-   Colby  and  F. 

Fairbanks. 
G.  Bliss. 

J.  W.  Chickering. 
M.  E.  Wing. 
Paine. 
J.  B.  Perry. 
B.  Towler. 

I? 
19 

38.10 

41.59 
42.80 
40,44 

64.02 
67.20 

47,61 

46.22 
46.46 
46.65 

21.32 

19.26 
21-15 

42.76 

43-51 
44.06 
43-86 

May, 

May, 
Nov. 

1849;   May,l863 
1S3S;   Dec.  1854 

18 
6 

5 
5 

6„N.6, 
0.3.9. 
7m  2-  9.  b^ 

P.  0.  and  S.  I.  Vol.  i,  S.  0., 
and  S.  Coll. 

Dove   Regents'  Reporl. 

Do^c    1857. 

P  U   md  S.  I.  Vol.  I,  and  S.  0. 

1856;   Nov.  1870 

21 

39-3S 
39-60 

67,78 
66.55 

47-44 
45-28 

.8.17 
19.02 

43-19 
42.61 

Mar. 

1856;   Sept.  1869 
1850;    Dec.  1S70 

5 

8 

7„  \  9. 

S  0   and  S.  Coll. 

23 
26 

44.48 
41.00 

39.26 

70.50 
66.33 

63-31 

50-53 
45-00 
47-34 
43-94 

24.25 
22.17 
28.29 
16.62 

47.44 
43-62 

40.78 

Jan. 

1857;    Mar.  1863 

1789 
1863 ;    Apr.  1864 
1853;    Jan.    1861 

5 
5 

6 
9 

7m2,9„ 

P  U  and  S.  I.  Vol.  I,  and  S.  0, 
Williams's  Hist,  of  Vermont. 

s.  0. 

P.  0.  &  S.  I.  Vol.  I,  &  S.  Coll. 

27 

28 

39 
30 
3' 
32 

40.65 
42.27 

37- S3 
41.50 

67.12 
64.82 

61^62 
65.11 
66.23 

46.08 
48.20 
48.87 

^6:28 
47-97 

17.61 

24-57 
16.37 
20.03 
24:00 

43.69 

39-36 
44.92 

Mar. 
Dec. 
May 
Feb. 

May 

1856;   Dee.  1857 
r86o;    Nov.  1S63 
1868;   Dec.  1S70 
1829;    Dec.  1841 
1866;   Feb.  1S67 
1806 

'0 

9 

7m  2.9..,= 

P.  0.  and  S.  I.  Vol.  1. 

s.  0. 

MS.  in  S.  Coll. 

s.  0. 

Med.  and  Agr.  Reg.  Bost.Vol. 

I,  1806-7. 
P.  0.  and  S.  I.  Vol.  I,  &  S.  0. 

33 

38-14 

64.5^ 

42,91 

17,01 

40,65 

Mar. 

1857;    Dec.  1870 

3 

° 

'-'■'•"■ 

C.  Marsh,  H.   Doton, 
and  L.  A.  Miller. 

S  Observatio 

ations  P'-evIous  to 
n;  in  Sept.  1S69  a 

1863  were  made  at  Eas 
Hartford,  abont  one  an 

Montpelier,  abo(a  three  miles  ca^t  of  Montpelicr. 
d  a  half  miles  southeast  of  Nor«-ich. 

BO 

bservatio 

d  for  daily  variation. 
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VIRGINIA. 

Name  of  Station, 

^ 

1 

i 

i 

•= 

1 
< 

R 

1     t 

1 
< 

0 

a 

i 

I.   Alexandria    .      .      . 

SS^S' 

77°o2' 

7. 

32°- 65 

34''-o5 

41^26 

52°.53 

63°-47 

4". 94 

8''-59 

6".  19 

7''.76   S4°-50  ]46''.35 

35 "-98 

2.  Ashland  (Randolph 
Macofl  CqU.)  .     . 

37  45 

77  30 

42.S5 

3,  Bellofla.  Arsenal 

37  33 

77  32 

38.73 

41-97 

50-31 

58.36 

67-79 

76.58 

79.19 

77.90 

70.57   i  60.08  1 

50-59 

43-43 

4.  Benyville      ,     .     . 

39  oS 

77  58 

575 

21.86 

32.22 

35-24 

43.59 

57-81 

72,78 

75-41 

72.05 

65.99 

54.45 

42,7s 

36.14 

5.  Cape  Charles  Light. 

37  07 

75  54 

20 

36.05 

33-20 

39.70 

52.85 

60.48 

70.05 

76.00 

76.75 

74.00 

63.28 

51.83 

38-03 

6.  Charlottesville 

3801 

78  26 

150 

38.87 

39-01 

48. 05 

53-26 

63.71 

73." 

77.8? 

76.77 

66.33 

57.34 

4s.11 

36.60 

^7  05 

So  23 

37.73 

43.68 

52.55 

63.78 

67-55 

47.26 

38.56 

8.   Cottage  Home 

7    lu 

76  50 

43.05 

40,88 

48-76 

57-52 

66.53 

76-74 

82.04 

79-3' 

72.49 

58-49 

47.72 

39-42 

9.  Crichton  s  Store! 

j6  40 

77  4& 

500 

39.31 

42.29 

49.39 

59.25 

68.03 

75.35 

80.45 

77.89 

71.48 

59.52 

49.61 

10.  Fredei  cl  sbm^ 

38  18 

-7  27 

600 

42.02 

53.80 

56.14 

53.05 

64.10 

75.30 

75.07 

74.28 

66,11 

55.39 

49-52 

t'^M 

II.  Fortress  Monroe 

37  00 

76  19 

8 

42.41 

41.81 

49.90 

55.99 

66.13 

74,62 

78.73 

77.86 

72.44 

61.90 

5I.4I 

41,10 

12.  GiirysviUe 

37  18 

77  16 

21.92 

32.10 

43-84 

58.33 

65.33 

76,50 

80.50 

70.33 

61.00 

53-00 

47.00 

37.00 

13.   Glasgow         Station 

(nea>) 

37  36 

78  57 

30.06 

37-92 

44.15 

53.81 

62.07 

71.18 

78.49 

75.14 

69-03 

57.95 

48.08 

35-68 

14.  Hamptou 

17  02 

70  21 

5 

44.24 

42-51 

43,60 

5492 

64.35 

75-94 

80.24 

77-69 

70.50 

58,42 

46.72 

40.72 

15.  Harpers          Ferry 

(heghts  near) 

39  "0 

77  44 

54.73 

42.48 

16.  HeathyiUe 

j7  5    1  76  26 

44-77 

5^.41 

61.72 

17.  Hewlett  s      Station 
(ne.r) 

37  =12      77  45 

59-13 

60. 9S 

74-38 

74-58 

70,18 

18.  Lewm=   lie 

38  50 

77  "2 

1 80 

38.62 

40.97 

50.38 

52.67 

65-35 

72.S5 

76.76 

73.76 

66.82 

56.69 

42.41 

41.67 

19.  Lexingtons 

o7  44 

79  24 

1000 

38.41 

39-3' 

44-19 

54,22 

63-74 

72.51 

78.71 

76-04 

66.52 

53-29 

42-05 

34.85 

20.  Longwood 

37  30 

79  31 

Soo 

24.22 

46-43 

41-72 

21.  Lyuchbuig 

37  '2 

79  07 

575 

42.94 

51.09 

57.30 

68.63 

75-43 

83'.8o 

8(^.37 

22.  Lynchburg  (sit  miles 

west  of) 

37  2i 

79  12 

800 

39.57 

40.42 

46.30 

55.88 

63.18 

71.63 

78,28 

76.09 

68.77 

57.88 

48,76 

39.35 

23.  Madison  C   H 

3S  -.- 

78  17 

50D 

66.13 

24.  Meadow  Dale 

3823 

79  35 

2S.52 

34-36 

3459 

4''.43 

54-80 

65-05 

67'.o2 

66.05 

59.93 

50.19 

37. '7 

37.64 

35.  MechanicsviUe 

38  50 

;8oo 

36.68 

33.73 

38.50 

51.98 

62.6! 

70.83 

76.10 

74,10 

65-35 

55-63 

39.80 

33.8S 

26.   Montross 

.80^ 

76  46 

200 

34.02 

38.91 

44-49 

50,98 

62.99 

72.83 

76.08 

73.85 

67.51 

52.46 

44.59 

37.88 

27.  Mossy  Creek 

38    5 

79  02 

28.78 

34.35 

37.73 

49.59 

59-99 

72-34 

63.70 

44.59 

39.29 

33-13 

28.  Mount  Solo  1 

8  17 

79  02 

38.05 

37.49 

46.33 

54.19 

61.39 

71.24 

76.73 

73.85 

69-85 

55.93 

33.86 

so.  Mount  View 

jS  00 

78  30 

521 

36.21 

40.13 

48.77 

54.82 

70.61 

74.26 

73-22 

64-57 

53.49 

46.63 

34.54 

30.   Mulberry  Hill 

3&  50 

70  50 

45.13 

43-25 

45.26 

56.74 

65:2? 

76.58 

8r.49 

68.30 

54.28 

42.20 

43.80 

31.  Newark  (near) 

i8oo 

78  10 

32.  Norfolk 

30  SI 

76  17 

20 

43-73 

48-44 

55-72 

62,01 

71',^ 

'76.73 

80.21 

77.09 

74.09 

65.54 

59.58 

47V35 

33.  Norfolk 

1651 

76  17 

20 

40.50 

41.00 

47.50 

56.10 

65.90 

74.20 

78,30 

77.10 

71.40 

61.70 

51,20 

43.20 

34.  Paddystown 

30  ''' 

7^  55 

30.42 

35.01 

36.95 

35.  PeacMi«   1 

.,8  19 

77  27 

35° 

37-18 

37.33 

46.23 

52.67 

64.:t6 

72.42 

76.'48 

76.05 

6S'.I6 

57-90 

47.10 

36.95 

36.  Piedmont 

0840 

7800 

900 

38-43 

33.43 

38.23 

52.53 

62.08 

76.75 

73.13 

66.08 

56.70 

41.12 

34.55 

37.   Portsmoitl^ 

3650 

75  18 

25 

40.10 

43.91 

4S.79 

56.65 

64.83 

75-32 

79.08 

77.11 

71.36 

60.14 

50.42 

43.23 

38.  Powhatan  Hill  .     . 

•  38  13 

77  '2 

100 

41.69 

37-18 

43.75 

53-89 

63.92 

74.25 

79.60 

76.85 

70.53 

56.26 

45.50 

35.92 

39.   PrinceEdwardCH. 

37  10 

7821 

37.21 

41.63 

47.09 

53-42 

63.46 

70.48 

75.46 

72.6. 

65.10 

56.71 

49.26 

39.63 

40.  Prospect  Hill  Farm 

37  25 

75  52 

40 

43.18 

40.64 

42.05 

52.63 

61.98 

72.16 

78.03 

75-72 

70.03 

57-53 

47,07 

38.88 

41,  Ricljmond     .     .     . 

37  32 

77  26 

172 

37.21 

42,79 

48.68 

54.87 

65.97 

74.10 

77-50 

75,08 

67.85 

5S-98 

47.27 

40,10 

42.  Rose  Hill      .     .     . 

3800 

76  57 

250 

34.71 

35.17 

45.51 

52.24 

62,87 

75.37 

76.77 

76.90 

57-74 

50,10 

45-42 

43.   Rougemoiit  .     .     . 

38  05 

7821 

450 

29.72 

39-19 

44-82 

53.35 

63-34 

74.11 

79.  iS 

76.05 

69-43 

58. 58 

45-44 

40,89 

44.  Ruthven"       .     .     . 

3?  21 

77  33 

36.07 

38.18 

50.41 

52,85 

63-63 

74-86 

76.49 

74.78 

69-77 

55-60 

44-31 

3S.64 

45.   Smithfield      ,      .      . 

3657 

7638 

35-S9 

39-28 

45.53 

55-94 

64.09 

73-85 

77,26 

75.03 

5S-07 

47-74 

39.43 

46.  Snowvjlle      .     .     . 

37  00 

80  00 

1800 

34-3° 

36.4s 

41.06 

49-35 

58- .5 

66.45 

71.77 

69,30 

62-55 

48.30 

38.91 

47.   Staunton  .... 

38  c>9 

79  04 

13S7 

41.04 

37.68 

39-98 

52-04 

71.39 

74.83 

74.58 

64.66 

51-65 

42-49 

33.95 

48.  Stribling  Springs     . 

38  17 

79  12 

1639 

I   28.43 

32.08 

41-17 

45,16 

59.05 

49.71 

33.70 

3459 

49.  The  Plains  (near)  . 

38  5° 

77  51 

46.60 

50-71 

SO.  The  Shades  ,      .      . 

39  00 

7800 

63.55 

51.  Vienna'    .      .      ."     . 

3857 

77  '9 

400 

37.40 

32.08 

40.00 

54-73 

65.33 

75.35 

77.05 

72.50 

65.33 

4'. 35 

31.48 

'  This  series  is  of  verj'  little  value  on  account  of  great  irregularity  in  the  hours  of  observation. 

*  Observations  corrected  for  daily  variation  by  means  of  the  general  table. 

'  The  observations,  except  the  first  tliree  months  of  1861,  were  made  at  Tribrook  Farm,  about  threi 

*  Also  called  Hartwood  or  Falmouth. 
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^ 

6''-57 

i 

1 

c 

Series.                 Exte.N'j 

Ok^LRYTNG                 OB.FAVEII,               1 

Refeeences. 

u 

< 

4"- 23 

54°.86 

Eeg 

ns.           Ends.         y 

..mos. 

2=.42 

Oct. 

1S49;    Feb.  1864 

6    8 

720         B.       Hallowell       and 

P.  0.  and  S.  I.  Vol,  i,  MS.  from 

others. 

S.  G.  C.andS.  Coll. 

2 

1865 

0     I 

7m2„9<.l>l» 

Prof.  K.  M.  Smith. 

S.  0. 

3 

53.S2 

77-89 

60.41 

41.38 

59.62 

Jan. 

1824;    Sept.  1833 

7m  2,  9, 

Assistant  Surgeon. 

Ar.  Met.  Reg.  1855. 

4 

45-55 

73-4' 

54-41 

30.07 

50.86 

J^n. 

1856;    Dec.  1857 

I   II 

Dr.  R.  and  Miss   E. 
Kownslar. 
.    G.    Potts    (Prison 

P.O.andS.  I.Vohl, 

5 

Sr.oi 

74.27 

63.04 

35-76 

56.02 

Mar. 

l867i   Feb.  1868 

1     0 

7^2.  9.  M. 

S.  0. 

Keeper). 

6 

55'°' 

75-92 

57.26 

38.16 

56-59 

July. 

1S37;   Dec.  1852 

7m  2.  9, 

Meriwether.    ' 

Am.  Aim.  1839  and  S.  Coll. 

7 

39-99 

1850;            1853          1 

0    9 

Or  9m  3,..  % 

Chevalier  and  Hogan. 

S.  Coll. 

8 

57.fio 

79-36 

59-57 

41.12 

59-41 

Miiy, 

J867;   Dec.  1870 

3     7 

7„,2„  9.1,1, 

B,  W.  Jones. 

S.  0. 

9 

58,8y 

77.90 

60.20 

40.97 

59-49 

Jan. 

1854;   Jan.   1861 

7    I 

R.  F.  Astrop. 

Rec.  in  S.  Coll.  and  S.  0. 

57-76 

74.88 

57-01 

58.47 

Mar. 

1849;    Apr.  1S60 

I    3 

0.  9„  3^  9, 

C.    H.     Robey    and 

Wellford. 

S.  0.  and  S.  Coll. 

" 

57-34 

77.07 

61.92 

41-77 

59-52 

Jan. 

1825 ;    Dec.  1870 

45    5 

7,u  2.  9. 

Assistant  Surgeon. 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 

12 

55-83 

75-78 

53-6; 

30-34 

53.91 

1856 

I    0 

G.2„0. 

Dr.  T.  F.  Beckwith. 

P.  0.  and  S.  1.  Vol,  i. 

>3 

53-34 

74-94 

58.35 

34  55 

55.30 

Oct. 

j866;    Sept.  1S68        2     0 

R.  T.  Davi;. 

s.  0. 

14 

54-29 

77-96 

58-55 

42.49 

58.32 

Jan. 

1S69;    Dec.  1870 

2     D 

■ll\9'.,,u     J.  M.  Sherman. 

15 

i860 

0    2 

L.  J.  Bell  and  wife. 

i6 

52-97 

J849 

0    3 

0,  9™  3^  % 

Miller. 

S.  Coil. 

17 

73-05 

1867 

0    5 

7m2^9Bl,l. 

J.  F.  Adams. 

s.  0. 

18 

5&-'3 

74.46 

55-31 

40.42 

56.58 

June, 

1858;    Oct.    1859 

r     5 

7«  2„  9, 

Rev.  C.  E.  Mackee. 

P.  0.  and  S.  T.  Vol.  1. 

19 

54-05 

75-75 

53-95 

37-52 

55-3^ 

Jan. 

l86i;   Dec.  1870 

2     8 

7m2.,9.bU 

W.  K.  Park  and  W. 

H.  R«ffner. 
T.  J.  Wickline. 

s.  0. 

20 

1857 

0    3 

7m  2„  9a 

P.  0.  and  S.  I.  Vol.  I. 

21 

59.01 

79-87 

1854 

0     7 

"."     ° 

A.  Neltleton. 

22 

55-13 

75-33 

58.47 

39-78 

57-18 

Oct. 

1S66;    Dec.  1870 

3     9 

7.2„9,„. 

C.  J.  Merriwether. 

s.  0. 

23 

1851 

Gr  9m  3a  9„ 

Grinnan. 

S.  Coll. 

24 

43-94 

66'.04 

49- to 

33-51 

48.15 

Jan. 

1857;   Feb.  1859 

7m  2„  9^ 

J.  and  J.  B.  Skven. 

P.  0.  and  S.  I.  Vol.  I. 

25 

51.04 

73.6S 

53-59 

34-76 

53.27 

Nov. 

1869;   Dec.  1870 

7„  2^  9,^1, 

W.  A.  Martin. 

s.  0. 

52.8I 

74-25 

54.85 

36.94 

54-72 

Dec. 

1856;   Oct.   1859 

2     6 

7m  2.  9. 

H.  H.  Fountleroy  and 
E.  E.  Spence. 

P.  0.  and  S.  I.  Vol.  i. 

27 

49.10 

49.19 

32.09 

Apr. 

1853;   May,  1S58 

I    8 

J.  Hotchkiss. 

P.  0.  and  S.I.  Vol.1,  &S.  Coll. 

28 

53-97 

73-94 

36-47 

Apr. 

1856;   Apr.  1S69 

7m2^^9,l,u 

Dr.  J.  T.  ClaiUe. 

P.  0.  and  S.  I.  Vol.  1,  and  S.  O. 

29 

5(i-63 

72.70 

54-S9 

36.96 

55-29 

Feb. 

1859;   Apr.  1861 

J.  K.  AbeU. 

30 

55-74 

54-93 

44.06 

Jan. 

1869;   July,  1870 

I     6 

R.  Binford. 

S.  0. 

31 

59-75 

1823;           1828 

6    0 

Watson. 

Am.  Aim. 

- 

62.91 

78.01 

66.40 

46.5= 

63.46 

1822 

1    0 

i^'^'.'L 

Long's  Expedition  to  St.  Peter's 
River,  Vol.  2. 

33 
34 

56.50 

76-53 

6.-43 

41.57 

59-0' 

Pat.  Off,  Rq). 
S.  CoH. 

I 

852; 1853 

0     3 

Or  9m  3=  9. 

Webster.""'" 

35 

54-45 

74.98 

57-72 

37'-'i5 

56.08 

Jan. 

1858;   Mar.  i86r 

3     3 

?m2j9aM. 

A.  Van  Doren. 

P.  0.  andS.  I.Vol.  1,  andS.  0. 

36 

50-95 

73-65 

54.63 

35-47 

53-68 

Nov 

1869;   Dec.  1870 

S.  0. 

37 

56.76 

77.17 

60.64 

59-24 

Apr. 

1843;   Sept.  1S70 

12     I 

Various  observers. 

S  Coll.,  P.  0.  and  S.  LVoI.  I, 
and  S.  0. 

33 

53-85 

76.90 

57-43 

3S.26 

56.61 

Feb. 

1S6S;   Dec.  1870 

C.  T.  Taylor. 

S.  0. 

39 

54.66 

72-85 

57.02 

39.49 

56.01 

849;           1S52 

Or  9„  3.  9. 

Metleaur. 

S.  Coll. 

40 

52.22 

75-30 

58.21 

40.90 

56.66 

Apr. 

1868;    Dec.  1870 

2    9 

&%'&■ 

C.  R.  Moore. 

s.  0. 

41 

ks' 

75-56 

58.03 

40.03 

57-53 

]L 

1824;   Feb.  i860 

7    2 

Chevalier,  D.  Turner, 

Darby's  View  of  the  U.  S.  pp. 

and  J.  Applyard. 

4  and  II,  S.  0.,  andS.  ColL 

42 

53-54 

76-35 

38.43 

1S57;   Aug.  1858 

7„  2„  9, 

G.  U.  Upshaw. 

P.  0.  and  S.  1.  Vol.  1. 

43 

53-84 

76.45 

57-82 

36.60 

56."i8 

Feb. 

1853;   Mar.  1861 

S    6 

7m2.9.W. 

A.  Netlleton  and  G. 
C.  Dickinson. 

P.  0.  &S.  LVol.i,S.  CoU.,& 

s.  0. 

44 

55-% 

75-38 

56.56 

37.63 

56.30 

1856 

May,iS59 

7m  2a  9, 

J.  C.  Ruffin. 
Dr.  J.  R.  Purdie. 

P.  0.  and  S.  I.  Vol.  I. 

45 

55- '9 

75-38 

58.  .8 

38.^0 

5674 

Juiy 

iS?4 

Mar.  r86i 

6    8 

P.O.  and  S.L  Vol.1,  and  S.O. 

4fi 

49.52 

69.17 

49.92 

34-36 

5074 

Sept 

1867 

June,  1870 

7m2;9.bl. 

Dr.  J.  W.  Stalnacker 

s.  0. 

47 

51.08 

73.60 

52-93 

37.56 

53  79 

Sept 

1868 

Dec.  1870 

2    3 

J.  C.  Covell. 

48 

47-49 

31.70 

Sej=t 

1858 

Apr.  1859 

0    8 

7„  2a  9a 

J.  Hotchkiss. 

P.  0.  and  S.  I.  Vol.  1. 

49 

Apr 

i8t;a 

Apr.  i860 

0    3 

7m  2„  9.  tu 

J.  Rickett. 

P.O.  andS.  I.VoLl,andS.O. 

50 

1S70 

L.  E.  Payne. 

S,  0, 

51 

53-35 

74-97 

33-65 

i 

,870 

on 

J.    B.    Bowman    and 

Lilly  Tlirift. 

■  This  series  is  composed 

of  observations  n 

aade  at  Gosport  Navy  Yard,  the  United  Stales  Naval  Hospital,  an 

Portsmouth  proper. 

e  This  series  is  not  at  idl 

■eliiible. 

7  The  observations  in  Ja 

.,  Feb.,  June,  July,  Nov.,  and  Dec.  were  made  at  Fairfax  Co.  Ho.,  about  three  mil 

s  southeast  of  Vienna. 
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VmGIETIA.—Contiiuied. 

Name  of  Station. 

■3 

t 

i 

■s 

1 

U 

>. 

'i 

^    1 

1 

U 

i 

J 

^J 

-J 

K 

A 

■£ 

3 

< 

% 

~- 

•^    1 

< 

t^ 

c 

'a 

^ 

5z.  Vienna  {near)    .     . 

3S°SS' 

77°i5' 

400 

40°.  58 

35°-90 

40MS 

54''.75 

64°.  35 

2°. 85    76°.B3    75^27    G8°.29  1 

4°.c;    44"  .oS  1 

36°. 61 

53.  Washinglon  and  Lee 

University.      .      . 

37  44 

79  24 

075 

66.00 

53.88 

40.20 

31-25 

54    Westwnoii 

37  33 

77  27 

38  "o 

42-17 

50.00 

56.29 

65V83 

73.30 

76.69 

74.83 

69.11 

57.05 

50.14 

36. 86 

55    Wjtl      Ik 

36  55 

81  03 

2S7 

36^1 

35.29 

42.10 

52.26 

59.70 

66.88 

72.9S 

71.14 

63.47 

51.78 

40.20 

33. 'S 

56   WU   mslurgS 

37  iS 

76  40 

100 

41  4j 

43-68 

47.88 

57.59 

64.00 

72.4S 

76.49 

75.26 

68.72 

59.41 

47. 2S 

42.65 

57    W  nchester 

39  10 

7809 

3'  j7 

34-37 

42.44 

51. S5 

64.38 

72.99 

67.99 

54.62 

43-68 

34.6S 

58    W    dlavn       (nea 

Mt   Veno  ] 

^840 

77  to 

iSf 

44.45 

32.95 

WASHINGTON  TEMRITOHY. 

I.  Camp  Simiahmoo 

49  01 

2-'  47 

„ 

3063 

37-56 

42.  S6 

47.34 

53.76 

60.80 

62.27 

60.S4 

56.17 

48.47 

40.20 

35.70 

2.  Camp  Steele* 

48  28 

2j  01 

"5° 

079C 

40. 3H 

43. '2 

49,07 

54.95 

59.74 

61.85 

61.03 

57.07 

50.74 

45-5' 

40.90 

46  17 

24  03 

30 

41  24 

42.65 

44.96 

51.32 

56.33 

60.52 

62.43 

61.23 

59. 12 

54.70 

51.43 

47.16 

4.  Cathlaraet  near 

46  15 

123  12 

40 

40.05 

48.44 

52.95 

59.18 

64.95 

64.45 

35.36 

5,  Fort  BeUinghim 

4845 

122    30 

SS 

37  73 

39.60 

44.68 

50.27 

55-91 

61.13 

62.11 

62.21 

58.03 

50.16 

44-50 

39.81 

6.  Fort  Cascades 

45  39 

121    50 

j6  8i 

41-51 

45." 

50.38 

55.3' 

63.48 

65-52 

66.91 

6.-37 

53.22 

43.54 

34.73 

7.  Fort  Chelialis 

46  54 

124  07 

4325 

45.19 

46.16 

48.26 

51.26 

65. 68 

62.28 

56. '7 

48.24 

44.21 

8.  Fort  ColviUeS 

4842 

1963 

19  12 

26.79 

33.20 

46.44 

55.77 

64.75 

69.87 

66.49 

55-37 

42.81 

32.S1 

26.10 

9.  Fort  Geoi^ 

46  iS 

123  00 

i^^S 

42.42 

44.79 

4S.67 

53.92 

59.59 

61.42 

62.67 

59-54 

56.13 

47.59 

39.67 

10.  FortSimcoe 

46  30 

120  40 

30  ji 

31.81 

40.71 

52.99 

60.99 

67.85 

71.99 

72.70 

64.49 

50.18 

38. 99 

32.71 

II.  FortSteiiacooni 

47  " 

122   34 

250 

3736 

39-92 

42.94 

48.85 

55.81 

61.14 

64.57 

64.54 

59.09 

51-88 

44-5' 

39-06 

4S07 

"3   45 

'35 

3914 

41.36 

43.12 

42-56 

53.58 

59-63 

41.41 

13,  Fort  Vincouver 

45  40 

122    10 

SO 

37  4S 

43-67 

44.5S 

46.00 

48.98 

62.77 

66.03 

66.08 

61.13 

55.  U 

43.08 

42.94 

I+.   Fort  Vancouver 

45  40 

122    30 

50 

3634 

37.17 

45.76 

50.22 

58.43 

58.72 

61.76 

63.05 

61. lO 

50.44 

39.03 

36.54 

15.  Fort  VaiiLOUvei* 

45  40 

113   30 

50 

3696 

40.41 

44.87 

51-92 

58.63 

63.04 

67.68 

66.93 

61.21 

52.86 

44.89 

37.54 

16.  Fort  Walk  Willa 

46  03 

118   20 

31     5 

37.18 

42.54 

52.38 

62-28 

70.50 

77.01 

75-01 

65.25 

54.54 

41.80 

33.76 

17.  Koos  Koo^  Kee 

46  30 

122   37 

ji  59 

37.58 

44.84 

52.85 

57.80 

69.40 

70.47 

72.72 

68.47 

48.96 

42,40 

41.52 

18.  Lake  Washington 

47  36 

41.25 

50.8S 

55.53 

62.80 

68.95 

66.10 

19.  Nee-ahBay 

48  22 

124  17 

40 

3=1  81 

38.84 

39.81 

44-33 

50.43 

55-' I 

57.33 

52.97 

5 '.25 

45.39 

40.39 

20.  Port  Townshend 

48  07 

122    45 

8 

2963 

40.78 

4S.95 

53-28 

58. 48 

55-68 

47.88 

45.55 

39.80 

21.  Sinyakwileen  Depot 

4i.  25 

117    IS 

1894 

46.9 

55-3 

62.7 

70.7 

23.  Tatoosh          Island 

Ught-house    .     . 

4823 

124    44 

90 

41.94 

41.86 

44.13 

50,12 

53.49 

57.72 

61.39 

59. 5S 

56.50 

52.S2 

49.31 

44-75 

23.  Walk-Walla       .      . 

46  05 

11854 

930 

34- S5 

42.33 

37.20 

WEST  VIEG3HIA. 

I.  AshLiulio      .     .     . 

3^34 

!)2   10 

6rL. 

3!  ^5 

45  K7 

51.00 

56.75 

65.81 

73.43 

76.91 

75.01 

69.97 

56.45 

44.72 

35,98 

2.  Ashland  .... 

3834 

82  10 

600 

30.96 

37- 15 

40.  S3 

S3.S9 

6io° 

70.57 

76.31 

74.58 

70.25 

53.97 

43.56 

35-71 

3 

Ashhtid   .... 

3S  30 

82 15 

600 

35-14 

37  43 

42.54 

53.89 

71-49 

74.72 

72.36 

68.79 

52.18 

42. 98 

37.60 

4 
5 

Buffalo     .     .     .     . 
Buffalo     .     .     .     . 

38  36 
38  3& 

Si  56 
8r  56 

500 

2797 

3S.09 

47.61 

51.25. 

65^13 
66. 85 

69.72 
81-58 

75-75 
81-82 

71.70 

66.15 

59.30 

41.93 

35.63 

5 
7 

Burning  Springs      . 
Capon  Bridge"  .     . 

3S56 
39  16 

78  2y 

3194 

31-36 
3896 

sg 

43.39 

59.94 

8 

Crack  Whip.     .     . 

39  02 

78  33 

1720 

23.31 

3148 

34-63 

45.41 

55.S7 

68.47 

70.54 

66.27 

60.00 

50.38 

40.27 

28.31 

9,  Cross  Cfeek'2     .     . 

8033 

27.5s 

3t-59 

41.77 

48.85 

65.47 

66.49 

7'.3S 

70.01 

61.15 

46.73 

36. 6j 

31.19 

'  The  observations  from  Feb.  1868,  fo  Dec.  1S70,  were  made  hy  J.  A.  Brown,  nea:-  WytheviUe,  Ihe  position  being  Lat.  36''57',  Long.  8l°o6',  Alt.  2400. 

"  The  observations  from  July,  1777,  to  Aiig.  1778,  both  inclusive,  were  made  nt  William  and  Mary  College,  and  are  the  means  of  daily  extremes  between 
8  A.  M.  and  4  P.  M.,  the  hours  of  observation  were  assumed  to  he  S^  3^,  and  the  corresponding  correction  applied. 

3  Observations  corrected  for  daily  variation  liy  means  of  the  general  table. 

*  Bihourly,  6„  to  10^,  from  July,  1857,  to  Oct.  1858;  hourly  in  Jan.  Feh.  March,  1859;  hourly,  6^  to  lo^  in  April,  1S59,  and  at  7^  2^  9^  foi;  remaining 
16  months  of  series.      A  small  eorrcctinn  has  been  cipplied  to  the  results  for  7,,,  2^  9.,,  the  rest  are  assumed  to  represent  very  nearly  tlie  true  mean  of  the  day. 
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TEMPERATURE    TABLES. 


i 

J 

1 

< 

i. 

Begins 

52 

sa^-og 

74''-98 

55°.48 

31°-1° 

55". 3^ 

Aug.     18 

S3 
54 
55 

57-37 
5t-35 

74-94 
70-33 

|i 

39-08 
34-93 

57V54 
52.H 

Ja.i.     18 
May,    18 

5& 

56-49 

74.74 

5S.47 

42-59 

58.07 

Jan.      17 

57 

5^.89 

55-43 

33-47 

Sept.    18 

58 

•■ 

VIRGIEiTI  A.— Continued . 


lO;    Dec.  1S70 
.□;    Aug.  1778 


Prof.  J.  L.  Campbell. 
C.  J.  Merriwelhei-. 
H.    Shriver,  W.    D. 

Roedel,  and  J.  A. 

Brown. 
Farquier  &  Madison. 

Prof.  J.  W.  Marvin. 

C.  Gillingham. 


Jefferson's  Notes  on  Va,,  Colli?, 

and  Phil.  Soc.  Trans. 
P.  O.  &  S.  1.  Vol.  1,  and  S.  Coll. 


WASHINGTOJQ"  TEHKITOEY. 


:870 

Jnly,  1859 
May,  1S61 


>n.  1859, 

Nov.  1833 
Oct.; 

June,  1 841 

Jan.  1857 


Oct.  1833 
Mat. 
July,  1868 


M  cLELughli  n,  Assistant 
Assistant  Surgeon. 


S.  S.  Eeiitley. 


Rep.  of  N.  W.  Bound.   Com. 

and  MS.  from  S.  G.  O, 
MS.  from  S.  G.  O. 
Med.  and  Surg.  Reporter, 

i3,i869,&MS.fromS.G.O. 
S.  0. 

Ar.  Met.  Reg.  r86o. 
Ar.  Met.  Reg.  i860  and  MS.  | 

from  S.  G.  O. 
MS.  from  S.  G.  O. 
Rep.   of  N.  W.  Bound.  Com.  I 

iind  MS.  from  S.  G,  O, 
Edinburgh  Joum.  of  Sd.  Vol.  v 
Ar.  Met.  Reg.  i860. 
Ar.  Met.  Regs.  1855  and  i860, 1 

and  MS.  from  S.  G.  O.  I 

Ar.  Met.  Reg.  i860,  and  MS.  I 

from  S,  G.  O.  ' 

Sill.  Journal. 
Dove. 
Wilkes,  Ar.  Met.  Regii.  1855  *  1 

i860,  and  MS.  from  S.  G.  O.  | 
Ar.  Met.   Reg.  i860,  and  MS.  8 

from  S.  G.  O. 


1857. 


S.  O. 


Rep.  of  N.  W.  Bound  Com. 


WEST  VIRGINIA. 


57-85 

„... 

38.70 

57.  iS 

52.61 
52.49 
54.66 

73.82 
72.86 

55-93 
54.65 
55.79 

34.61 
36.72 
33-90 

54-19 

47,40 
45.30 
S2-°3 

6S.43 
69.29 

50.22 
48.17 

27.70 

47.91 
49.90 

Nov.    1S58;   June,lS6o 


0 

9m 

3^9,, 

7 

m2 

9™ 

V, 

9nti= 

0 

"n, 

7 

7, 
7 

C.  L.  Roffe. 

Prof.  G.  R,  Rossiter 
W.  R.  Boyeis. 
R.  H.  Boliven 
Dr.  J.  J.  T.  Offiitt. 

D.  H.  'Ellis. 
B,  D.  Sanders. 


MS.  i 


S.  Coll. 


P.  O.  and  S.  I.  ' 

S.  O. 

MS.  in  S.  Coll. 

P.  O.  and  S.  1. 1 

S.  O. 

P.  O.  andS.  I.\ 

P.  O.  and  S.  1, 1 


s  Also  known  as  "  Camp  PickeW"  and  "San  Jnan  Island," 
6  Tlie  earlier  observations  were  made  at  Colville  Depot,  some  miles 
'  Observations  previous  to  1855  at  0^9,,,  3„9a'  tliey  were  refevrecl  ; 
*  Observations  for  four  months,  in  1841,  at  6,^  Z^  6^,  and  forfoiir  yea 
^  7„  2„  9„. 

"  Observations  in  Marcli  and  May  imperfect. 


iutlieast,  and  for  five  months  of  i860  at  Harney  Depot.  I 

%.        *  For  additional  observation  in  this  vicinity,  see  "Port  Townshend. "  j 

nemonlh,from  Dec.  1849,  to  Dec.  1854,  at  Q^  9„  3„  g^;  they  were  referred  I 

ID  Observations  at  7„  2,  9„  after  Jan.  1853.  I 

■«  Also  known  a<;  "  Trout  Run  Valley"  and  Wardenville.  | 
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WEST  VIRGINIA.— Continued. 

Name  op  Station. 

% 

1 

4 

1 

1 

g. 

i 

>. 

i 

-g- 

ti 

i 

i 

^ 

-1 

K 

A 

h 

S 

< 

S 

^ 

•^ 

** 

(n 

0 

^ 

a 

lo.  Grafton    .... 

39=21' 

79=56' 

tS-.jj 

37''.o3 

40°. 33 

54°.4S 

6l°.30 

6^.89 

6'',40     o=.49 

6°.86    460.91 

35°. 18 

n.   Holiday's  Cove.     . 

40  22 

Mo  37 

76.98 

63-76 

54,36 

12.  Kiinawah'     .     .     . 

38  S3 

81  25 

33-83 

40.66 

44-90 

55.39 

62.84    69''.79 

72.79 

71,62 

64,19 

56.27 

43.49 

35-48 

13.  Kanawah      .     .     . 

38  S3 

81  25 

38.05 

42.34 

52-42 

63-39 

71-57 

76,87 

72,80 

65.55 

56.61 

42-05 

31.31 

14.  Lewisbui^h  .     .     , 

37  49 

80  "S 

30O0 

29.03 

37.21 

44,07 

4S.IW 

62.37 

66.48 

71,51 

68. 60 

61.43 

51.63 

39.73 

33.16 

15,  Lewisbiirgh! .     .     . 

37  ^9 

80  28 

33.18 

39-48 

47.18 

53-37 

66,76 

72.62 

78-47 

74.24      68.62 

57,08 

44.48 

36.45 

16,  Lewisbm^h  .     .     ■ 

37  49 

80  28 

20130 

]  30.64 

34.12 

40.79 

Si-59 

62,98    , 

69-35 

74.05 

71.95 

64,03 

52-01 

41.68 

33-49 

17.  Nhw  Creek  Depot  . 

39  25 

79  00 

38.99 

40,87 

74,20 

18.  N.  R.  Mills  .     .     . 

39   20 

78  29 

33  5 

34.7 

53.5 

57-3 

19.  Peach  Grove  Lodge 

39  15 

81  00 

20.19 

31,76 

53.86 

61.24 

71',  60 

76,88 

70,69 

20.  Point  Pleasant   .     . 

3«  51 

82  09 

480 

3232 

37-79 

48.79 

44-64 

73.50 

72,13 

38,36 

39.83  ', 

21.  PoplaiGrove*    .     . 

3820 

Si  30 

720 

3492 

38.98 

44-28 

52,88 

64.15 

70.35 

75.76 

72.70 

65.82 

55.05 

43.7s 

37.97 

22.  Roiimey  .... 

39  20 

78  42 

573 

29.26 

30,68 

44,03 

50.42 

58,69 

70.54 

76-61 

72.74 

65-82 

52.73 

42.81 

29,01 

23.   Salem 

39  20 

80  01 

36.93 

47.72 

74-Si 

69.51 

54.39 

24.  Sistersville    .     .     . 

39  34 

80  56 

540 

57.13 

6^,'i6 

73.08 

65-45 

50,51 

38.78 

38-37 

25.  Weston    .... 

26.  White  Day    .     .     . 

39  °° 

80  22 

28'.87 

33-63 

35-95 

69-85 

42.98 

40,12 

39  30 

79  5S 

38.27 

36.94 

39-94 

63,81 

72,67 

81.65 

77.71 

67.73 

54-35 

45-19 

33-?' 

27,  Wheeling      . 

40  OS 

8043 

6^ 

3«.43 

33,90 

42-37' 

51,40 

42,15 

28,69 

28.  Wirt  Court  House*. 

39  OS 

Si  26 

■■ 

28. 29 

33.^ 

37-^7 

47-49 

60,25      72.58 

75'.62  1  72.41 

63V84 

53-88 

38,76 

3S-02 

WISCONSIN. 

I.  Appleton  (Lawrence 

44  iS 

8831 

Soo 

17.99 

20.79 

30.67 

42.34 

54.58 

65.77 

70-73 

65-94 

59-32 

47.07 

33-52 

21,68 

University) 

z,  Altaian    .... 

4304 

88  SS 

SoS 

26.83 

29.60 

35.97 

43.28 

56.40 

68.06 

71.29 

69.56 

62.63 

48.37 

35.84 

20-38 

3.  Baraboo   .... 

43  29 

89  54 

1S.87 

23-03 

29.94 

44.S' 

5758 

69.62 

73.17 

69,15 

62.50 

49.27 

34. 58 

4.  Bay   City   (or  Ash- 

land)    .     .     .     . 
5.   Bayfield    .... 

4636 

91  00 

610 

13-94 

12.37 

23-45 

33-02 

45.20 

56.58 

65.08 

53-48 

39.38 

15.90 

4650 

90  57 

13-44 

15.03 

23.68 

38.59 

49.65 

60.15 

67,84 

63.59 

54-70 

41.59 

30,25 

6.  Bellefontaine      .     . 

43  30 

89  IS 

750 

18,47 

22,21 

33-24 

45-42 

57.97 

68.79 

72-58 

70.75 

61,74 

48,71 

34,0s 

21.32 

7.  Beloit  College    .     . 

42  30 

S9  .1 

750 

19.77 

23.64 

32,0s 

45.37 

57-44 

68.39 

72-38 

69.33 

61.76 

48-50 

34-99 

23,06 

8.  Bloomfield     .      .      . 

4235 

88  32 

600 

18.38 

IB 

30.79 

4390 

5S-66 

66.32 

71.30 

67-83 

60,45 

46,13 

35. S3 

22.30   i 

9.  Ceresco    .... 

43  50 

88  57 

17-15 

30,78 

48.87 

59.90 

73.20 

70,80 

60.  So 

5'. 39 

31.60 

10.   Darlford  .... 

43  45 

89  16 

M50 

17-05 

30-69 

44-24 

52,55 

67.25 

68,45 

69.13 

61,37 

49,15 

34.25 

28.55 

11.  Delafield  (or  Sum- 

mit) 

12.  Delavan    .... 

4304 

88  34 

900 

22.59 

24.51 

33-43 

44.28 

56.03 

64.14 

69.41 

68.30 

60.82 

4S.94 

35.74 

32,50 

42  39 

88  42 

957 

15.69 

23.01 

27.57 

44,65 

52.33 

67.29 

6S.S4 

66,34 

60.54 

47-06 

36-37 

19.96 

13.  Edgerlon       .     .     . 

42  38 

8900 

i;oo 

18.94 

22-54 

30.94 

46,41 

61..5 

68,22 

74,24 

61.76 

47,65 

37-05 

22,43 

14.  Embarrass*   .     .     , 

44  25 

15-19 

20.78 

26,71 

40.58 

54-41 

65,19 

69.95 

65-32 

58.09 

44.56 

32-54 

18,77 

15.  Emerald  Grove  .     . 

43  39 

88  H 

1005 

23.92 

26,48 

34.60 

42,50 

55-43 

67-39 

70.51 

68,57 

61,05 

48,07 

34.48 

19.19 

16,  Port  Crawford    .     . 

43  03 

91   14 

642 

19.47 

21,72 

34-59 

SI. 03 

S9.78 

69,89 

75. 58 

72.19 

61.64 

48.98 

35.18 

22,68 

17.   Fort  Howard      .      . 

44  33 

88  09 

620 

18.83 

31.19 

43.20 

55.87 

66.27 

7'. 57 

67.93 

57-28 

46.75 

34.24 

31.15 

18.  Fort  Winnebago     . 

43  33 

89  35 

770 

19.56 

18:53 

32.64 

47.33 

57.07 

65-97 

71.26 

67,48 

57.92 

47.25 

32,12 

21.34 

19.   Galesville  (Univ.)  . 

44  07 

91  29 

775 

69,48 

69,68 

2a  Green  Bay     .      .      . 

44  29 

732 

15-19 

23.00 

37.14 

39.77 

54.46 

66.36 

69.85 

68.09 

6<J,46 

45.85 

35.98 

17,66 

21.  Greenfield     .     .     . 

44  00 

9045 

750 

63.28 

68,38 

70.5s 

66,30 

63.78 

49.08 

37-18 

19.45 

22.   Green  Lake  .      .      . 

43  45 

8900 

6;o 

24.57 

27,22 

32.13 

40,37 

50.42 

67.48 

69-35 

67,33 

60,90 

49.16 

37-11 

20.35 

23.   Holland  .... 

43  36 

87  58 

23.49 

27.17 

43.58 

56,20 

63.93 

69,91 

67,67 

60,5s 

44,61 

35.22 

23.05 

42  41 

8900 

780 

11:30 

20.60 

31,26 

45.57 

57.42 

68,83 

72.36 

70.11 

63.33 

48.11 

34,43 

23,61 

25.  Kenosha  .... 

4Z  35 

87  S6 

600 

23.86 

26,07 

33.06 

40,95 

52.40 

63.43 

70-51 

68.50 

60,94 

49.71 

36,46 

26,70 

26.   Lake  Mills    .      .      . 

43  °S 

89  02 

12.50 

21,50 

26,81 

27.  Lebanon  .... 

28.  Lowell      .... 

44  28 

83  54 

900 

67.  ks 

43  20 

88  54 

5-95 

35,84 

27.05 

33-86 

S3-03 

63.04 

69,72 

66,81 

62.54 

47.S0 

29,83 

29,67 

39.  Madison  (Wisconsin 

43  05 

8924 

10S8 

17.65 

21.19 

30.00 

43.88 

56.54 

66.81 

68,70 

62,46 

4S.46 

33.67 

33,67 

University) 

30.  Manitowoc    .     .     . 

44  07 

8746 

658 

21.76 

23.92 

31.3' 

41,72 

51.91 

62.04 

67,91 

65.95 

58.64 

46-95 

36.21 

25,48 

31.   Menasha  .... 

44  '3 

88  34 

26.77 

14.50 

35.00 

47,09 

29.91 

28,06 

32.  Milwaukee    .     .     . 

43  04 

6^4 

21.39 

25,32 

32,81 

43.3S       52.95 

63,60 

69,86 

67.61 

60,99 

48,78 

37.10 

25.3S 

The  morning  and  evening  observations  were  probably  taken  at  ©^  and  0^. 

»  Observations  af  7^  2^  9^  after  Jan.  1853,  except  for  March,  May,  June,  July,  and  Oct.  1853,  at  7^  2^. 
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.S 

S 

1 

1 

.^ 

Series, 

Extent 

OBSIiRVIN^                 OHSEKVF.R. 

Refeeencm. 

t 

1 

4 

S 

•^ 

Beg 

ns.              Ends, 

yrs.mos. 

HOURS. 

- 

Si''.99 

58=.09 

33°.66 

Jan. 

1867;   Feb.  1868 
1S5S 

0    3 

7.2>9..„ 

Dr.  W.  H,  Sharp. 
R.  B.  Sanders. 

s.  0. 

p.  0.  and  S,  I.  Vol,  I. 

54.3B 

7 1  "'.40 

54.65 

36.66 

54''V27 

1829;   Jan.   1843 

7  10 

D.  Ruffner. 

MS.  in  S,  Coll- 

'3 

52.72 

73.75 

54.  ?4 

30.45 

52.91 

Jau! 

1856;  July,  1859 

2     8 

7„  2.  9^ 

D.  L.  Rntfner,  W.  C. 
Reynolds. 

P.  0,  and  S.  I,  Vol,  1, 

14 

51.48 

68-85 

50.93 

33-13 

51,10 

1851;    Mar.  1853 

9„ 

Patton. 

MS.  in  S.  Coll- 

15 

5S.77 

75." 

56-73 

36.37 

55.99 

1851-1854 

3     9 

9^3^ 

16 

17 

51.79 

71.78 

52.57 

32.75 

52.22 

Jan. 

1854;    Mar.  1861 

7     I 

0     3 

0    4 

7„  2„  9. 
2. 

Dr.  T.  Patton,  Dr.  J. 

W.  Stalnaker. 
M.  McDonald. 
S.  J.  Slump, 

P,  0,  and  S-  I.  Vol,  I,  and  S.  0. 

P,  0.  and  S.  I.  Vol.  I. 
S.  0. 

'9 

48-95 

73.06 

1856 

0    8 

7m  2.  9. 

W.  C.  Quincy. 

P.  0.  and  S.  I.  Vol.  I. 

55-64 

36.65 

Nov. 

1858;   Tune,i8S9 
1856;  Jsin.   1861 

0    8 

W.  R.  Boy«rs. 

53-77 

72,94 

54-87 

37.29 

54-72 

June, 

4    4 

J.  E.  Kendall. 

P.  0.  andS.  I.  Vol.  i,andS.O. 

Sr-oS 

73.30 

53-79 

29.65 

5 '-95 

May, 

1866;   Sept.  1870 

3     I 

7„  2.  9.1,1. 

W.  H.  McDowell, 

S.  0- 

23 

51-58 

July. 

1857;   Mar.iSsS 
1857 

0    5 
0    7 

7„  2.  9. 

J.  C.  Wells, 
E.  D,  Johnson, 

P.  0.  and  S-  I,  Vol,  i. 

^5 

34-2' 

Nov. 

1865;    Mar.  1870 

0    6 

7m  2„  9,  bl8 

B,  Owen. 

S.  0. 

25 

77.34 

55.76 

36.14 

May, 

1S68;   Mar.  1869 

Dr.  W.  A.  Sharp. 

27 

31.01 

'■'. 

Nov. 

1859;   Apr.  i860 

0    6 

7i.  2.  9. 

G.  P-  Lockwood. 

P.  0.  and  S.  L  Vol.  I,  and  S.  0. 

28 

48.47 

73.54 

52V16 

32.33 

51,52 

May, 

1856;    Dec.  1858 

2    8 

Dr,  J.  W.  Hoff. 

r.  0.  and  S,  I,  Vol,  i. 

WISCONSIN. 

, 

42-53 

6J-48 

46-64 

20.15 

44.20 

Jau, 

1856;    May,  1870 

8    4 

7.,  2.  9„  M, 

Prof.   R.  Z,  Mason  & 

others. 
Bray  ton. 

P.  0,  and  S.  I.  Vol,  I.  and  S.  0. 

2 

.45-" 

69.64 

48.95 

25.60 

47.35 

I 

so;            1851 

1   II 

0.  9„,  3.  9. 

S.  Coll. 

3. 

44-01 

70-65 

48.78 

21-35 

46.20 

1850;    Dec.  1870 

7     6 

7^2,9.1,1, 

M.  C.  Waite,  &  Mills. 

S.  0.  and  S.  Coll. 

4 

33-89 

60,85 

39.75 

14.04 

37-13 

July, 

1856;    Apr.  1S66 

6  n 

Dr,  E.  Ellis. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  0. 

5 

37-31 

63-86 

42.  .8 

15.58 

39-73 

Sept. 

1858;    Dec.  1870 

3    6 

J.  H.  Nourse  and  A. 

Tate, 
Gay. 

" 

6 

45-54 

70-71 

48. 18 

20.67 

46.27 

, 

50;            1S53 

3     0 

0r  9m  3^  % 

S.  Coll. 

7 

4495 

70.03 

48.42 

22.16 

46.39 

Jan. 

1850;  July,   1867 

'7     5 

7m2.9„bi. 

Prof.  W.  Porter  and 

others. 
W.  H.  Whiting. 

P.  0.  and  S.  I.  Vol,  I,  S,  0.,  & 
S,  Coll. 

s,  0. 

g 

43-45 

68  45 

47-37 

2..37 

45.16 

May, 

1863;   Dec.  i8;o 

6    4 

9 

45,52 

47.93 

.. 

Mot. 

1854;   May,  1855 

7„  2.  9. 

Miss  M-  E.  Baker. 

P.  0,  and  S,  I.  Vol.  1. 

42.49 

68.28 

48,36 

21.97 

45.25 

Mar. 

1S61;   Apr.  1863 

7„2.  9„^i, 

M.  H.  Powers. 

S.  0. 

M 

44.58 

67.28 

48,50 

23.20 

45.89 

Jan. 

1845;   Jmie,i863 

o.N-b: 

E.    W.    Spencer   and 
others. 

MS,  ;n  S.  Coll.,  S.  0.,  P.  0. 
and  S.  I.  Vol.  1, 

41.52 

67.49 

47.99 

'9.55 

44-14 

It 

1864;   Dec.  1867 

3     3 

7„  2^,9,^1, 

L.  Eddy. 

S.  0. 

13 

45.17 

70,84 

48,82 

21.30 

46.78 

1867;   Dec.  1870 

3     6 

W.  J.  Shintz. 

14 

40-57 

66,82 

45.06 

18.25 

42.67 

Oct. 

1856;   Dec-  1370 

8  10 

J-  E.  &  E.  E.  Breed. 

P,  0.  and  S,  I.  Vol,  I,  and  S.  0. 

15 

44,18 

68.82 

47.87 

23.20 

46.02 

Mar. 

■849;             1853 

4    3 

0r  9m  3^  % 

Densmore. 

S.  Coll. 

16 

I8.46 

72.55 

48.60 

21.29 

47.73 

J.„. 

1823;   Aug.  1845 

'8     5 

7„  2„  9^ 

Ar.  Met.  Reg,  1855. 

'7 

43-42 

68,59 

46-09 

S;g 

)«,. 

1822;    May,  1852 

21     5 

.8 

45.68 

68.24 

45.76 

19-81 

J„. 

1829;   Aug.  1845 

'5     3 

19 

June 

1867;    Jan.    1S6S 

0     3 

W-  Gale. 

s,  0. 

40,46 

68.io 

47-43 

18.62 

43-65 

M., 

1S58;    Sept.  1865 

3    0 

D.     Underwood    and 
F.  Deckner. 

P,  0.  and  S.  I,  Vol.  1,  and  S.  0. 

6S.38 

50-01 

1870 

G.  Pcgler. 

S,  0, 

40.97 

68.05 

49.06 

24.05 

45.53 

J.n. 

1850;   Mar.  1852 

G.2. 

F.  C.  Ponieroy- 

Am,  Aim,  1852  and  S.  Coll. 

23 

43.32 

67.17 

46.80 

20-52 

44.20 

Oct. 

1868;    Dee.  1870 

7„2>9„bi= 

J.  DeLyser. 

S,  0. 

24 

44.75 

70.43 

48.25 

20,84 

46,07 

J.n. 

.853 ;  July,   >862 

8    6 

7m  2„  9. 

J-     F.    Willard    and 
□thei-B, 

P,  0,  and  S,  I.  Vol  I,  S,  O., 

and  S,  Coll, 

25 

42.14 

67.4S 

49.04 

25-54 

46.05 

1850;    June,  1863 

9    9 

Rev.    J.    and   Dr.    G, 
Gridley. 

26 

186 1 

0    3 

7„ 

J.  Atwood. 

S,  0. 

1864 

7m2,  9»We 

J.  C.  Ilichs- 

37-98 

66.52 

46.72 

20.49 

42.93 

r857 

N.  C.  Daniels. 

Am.  Aim.  1859. 

29 

43.47 

69,11 

48.20 

20.84 

45.40 

J.„. 

l8S3i    Dec.  1870 

9     3 

7J219VM. 

Various  observers. 

P.  0,  and  S,  I.VoI.  I,  S,  O.-and 
S,  Coll. 

30 

41.65 

65,30 

47.27 

23.72 

44.48 

Ocl- 

1851;   Dec.  1870 

19    3 

J.  Llips. 

P,0.aiidS,LVol,  i.andS.O. 

3' 

Oct. 

1859;    Mm.  1858 

0     6 

7m  2,  % 

Col.  D.  Underwood. 

P.  0,  and  S.  I,  Vol,  1. 

32 

43'."4 

67,02 

48-96 

24.00 

45.'75 

Jan. 

1837;   Dec.  1870 

26    7 

Dr.  I-  A.  Lapham  and 
others. 

S,  Coll.,  Am.  Aim.  1S52  and 
foil.,  P.  0.  and  S.  I.  Vol.  I, 
and  S.  0. 

»  Also  known  as  "I 

Caiiawah  S 

alines. 

1  Ako  known  ai" 

Eliiabethtown." 

■  The  observations 

i-evious  to 

1864  V 

ere  made  by  J,  E, 

Breed  at  New  London,  about  four  mile?  south 

f  Embarrass. 

NOVEMBEK,   1874. 


Hosted  by 


Google 


TEMPKllATCRE    TABLES. 


WISCONSIN,— Continued. 

' 

Name  oii'  Station. 

3 

1 

i 

i 

i 

i 

< 

1 

1 

i. 

1 
< 

^ 

Q 

i 

Q 

33.   Mosiiiee   .... 

44=48' 

89046' 

750 

i3°.24 

.7''.67 

2i=.38 

45''.33 

58'>,6o 

660.20 

67»,8o 

620,08 

59^.13 

44°.oo 

3i°.75 

i6=.75 

34.  Mt.  Morris    .     .     . 

4406 

89  20 

34-91 

42.03 

35.  New  Danemore      . 

44 17 

9033 

20.60 

17.80 

36.41 

41.09 

55.68 

67-55 

7i.r6 

66.43 

58.04 

46,04 

30,'oo 

36.  NewHoIstein    .     . 

43  58 

88  12 

16.38 

31.90 

37.   New  Lisbon       .     . 

43  52 

90  17 

16.51 

20.56 

28.21 

4S.'i2 

57.70 

68,03 

72.93 

67,;8 

6,^,50 

45.46 

34-92 

20.74 

38.  New  Richmond      . 

45  06 

40,17 

39.  Norway'  .... 

42  50 

88  to 

753 

9'75 

20,54 

27-37 

47." 

56,96 

71.14 

74.56 

6S.58 

6(^,21 

50.01 

34.48 

15,22 

40.   PardeeviHe    .     .     . 

43  29 

89  !4 

46.59 

35.92 

15,10 

41.  Parfreyville           (o:- 

Rural) 

42.  PlatleviUe      .      .      , 

44  15 

8905 

910 

13.83 

21.57 

26.75 

44.61 

57.27 

6^,70 

70.23 

67.80 

61,30 

50.76 

36.22 

30.90 

42  45 

90  37 

800 

17.22 

21.21 

33-25 

46,43 

60,58 

70.74 

76.51 

73-03 

63.42 

49-96 

33.61 

20.6S 

43.  Plymouth      .     .     . 

43  45 

870 

16.54 

19-94 

25-75 

40.54 

S'.39 

64.67 

69-95 

65.72 

58. 34 

44.08 

34,82 

20.77 

44.  Pr«scott    .... 

4446 

92  55 

800 

4.Z3 

14,50 

35-°o 

47.09 

29,91 

28.06 

4S.  R^lne     .... 

4243 

87  54 

660 

'9.33 

20,74 

29.56 

39-39 

50,44 

66V73 

69.89 

63.35 

58.^ 

50.52 

36.91 

26.00 

46.  Rtpon  College   .     , 

43  4S 

88  33 

17.33 

17.75 

25.90 

46,07 

54.50 

67-44 

74.55 

64.35 

39.68 

22,10 

47.  Rocky  Run  .     .     . 

4326 

89  19 

16,90 

21,60 

29.33 

45,01 

57.40 

67.49 

71.00 

68.33 

60,06 

46.55 

3464 

2KI7 

48.  St.  Croix  Falls  .     . 

45  27 

92  47 

660 

Z1.60 

11,01 

33.10 

25.30 

45.  Southport      .     .     . 

42  30 

87  30 

2S.27 

29,06 

4».52 

50.71 

64.78 

69.48 

77.61 

62,89 

50.59 

47-37 

21.47 

50.   Sptiiigdale     .      .      . 

43  31 

89  i6 

19.63 

23.53 

3S.S0 

46.45 

58,65 

65.45 

69.53 

51.  Sturgeon  Bay      .      . 

44  52 

87  30 

35 

17,80 

26.30 

44.46 

57.91 

67,85 

70.18 

66.63 

62,80 

50-59 

38.30 

24.70 

52.  Superior  .... 

4644 

92  13 

680 

11:56 

14,17 

22.22 

36- J6 

47.03 

57.53 

64.52 

63.70 

53-01 

43.15 

30.38 

13.74 

53.   Waterford      .      .      . 

43  48 

88  18 

17.50 

26,04 

30.32 

46.30 

53.62 

66,75 

32.13 

21.13 

54.  Watcrtown    .     .     , 

43  '3 

8845 

840 

26.59 

71,60 

70'.  S6 

58,82 

52.36 

31-08 

24.79 

55.  Waukesha     .     .     . 

43  00 

S8  20 

812 

1S.47 

19.48 

32.58 

45.88 

53.89 

68.38 

72.78 

OS.18 

62,05 

49-31 

33.01 

24.30 

56.  Waupaca.     .     .     . 

44  2' 

89  10 

900 

17.24 

22.06 

28.73 

43.98 

56.53 

69.27 

72.57 

6S.6S 

60,05 

46-45 

36.06 

22,15 

57.  Wausau    .... 

4458 

89  43 

14.97 

22.42 

25.42 

40.03 

58.29 

65.03 

76.63 

67.39 

57.52 

43.82 

33-26 

14,99 

58.  Weyauw^a  .     .     . 

S902 

S70 

15.72 

18.83 

27.54 

44.25 

56.82 

67,70 

70.33 

66.51 

62.75 

32-56 

23.42 

WYOl 

aiNG. 

I.  Camp  Scolt    .      .      . 

41   iS 

no  32 

18.38 

26,98 

34.52 

42.24 

46,50 

53.54 

21   20 

'3.73 

3.  Deer  Creek  Agency 

42  49 

los'oo 

32.i4 

18.32 

4.   Fort  Bridger       .      . 

41  zo 

no  23 

6656 

18,88 

22.89 

27.73 

3S.44 

50,09 

59,12 

65.44 

64.37 

53.86 

42V26 

31-56 

20.66 

5.  Fort  D.,  A.  Russell 

41  12 

104  so 

28.57 

30.60 

24.54 

36,14 

4S-60 

5S.86 

68.70 

63.64 

55.50 

42.98 

38.69 

23.32 

6.  Fort  Fetterman  .     . 

42  45 

105  37 

28.11 

27.0S 

41.92 

54.41 

62-35 

71.23 

66.32 

55-29 

41.46 

35-05 

23.32 

7.  Fort  F.  Steele   .     . 

4'  45 

107  10 

23.24 

24,16 

28.58 

40,84 

53.54 

63.47 

69.45 

66.16 

56.87 

44.00 

36.78 

20.05 

8.   Fort  Halleck      .      . 

41  34 

10650 

7800 

21.16 

33.72 

29.12 

37-09 

51,76 

62,11 

65.79 

68.90 

54.9s 

41.78 

33.45 

9.  Fort  Laramie     .     . 

42  12 

104  31 

4472 

28.43 

31.83 

37-26 

46.94 

56,60 

68.34 

75-93 

73.49 

62.07 

49.68 

36.42 

27,68 

10.  Fort  P.  Kearney     . 

44  30 

10650 

6000 

14.88 

25.44 

23.57 

42.75 

53.60 

69.24 

76,33 

74-66 

62,60 

47.11 

36.64 

29,09 

11.   Fort  Sanders       .      . 

41  13 

105  38 

7161 

20.60 

25.26 

28,85 

3S.61 

47.15 

57.26 

66,20 

62.07 

53.04 

44.16 

35.49 

23.93 

12.  Fort  Thompson 

4248 

108  56 

10.67 

.. 

13.  Gilbert's  Trading  P'st 

42  28 

108  40 

7400 

7.57 

'.'. 

9.23 

14.  Sweetwater  Bridge . 

42  30 

107  25 

7000 

29',  So 

41.SS 

53.93 

MEXICO. 

I.  Ba-of  Tabasco.      . 

i'^34 

9-  4(1 

77.83 

80,80 

81.93 

S1.20 

77.90 

nJ 

Cordova    .... 

1845 

6  ^r 

b 

65  c 

67-13 

70,51 

73.12 

74 

86 

73.37 

72.31 

73.05 

83 

70.29 

66.74 

6S 

65 

; 

Frontera  .... 

92  40 

76,00 

77.72 

79.84 

81 

28 

81,84 

S0.62 

81.30 

58 

71 

65 

Gulf  of  Mexico      . 

7466 

71,06 

75.74 

80.24 

58 

84.01 

84.01 

79.34 

80 

78 

8D.60 

75-01 

74 

66 

■ 

Matamoras    .     .     . 

25  49 

97  3S 

55 

64  95 

65. 89 

70.48 

76.00 

3l 

33 

83.47 

85.72 

85-73 

82 

5S 

77.06 

71,32 

62 

6 

Ma^atkn.      .      .      . 

23  15 

71  IS 

72,25 

69.85 

75.20 

81 

60 

87.60 

S3.00 

85-25 

84 

40 

84.65 

79,90 

75 

05 

7 

Mexico  City .      .      . 

19  27 

99  05 

7"':. 

58    9 

57.30 

61,84 

64.00 

67.07 

64,72 

62,79 

63.02 

62,06 

60,83 

56.82 

54 

36 

1  This  se 

es  includes  obscr 

ation 

111  Scpl, 

Oct,  ami  Njv,  iS 

1,  at  Caldwell's  Prairie,  about  four  miles  southwest  of  Norway, 

1 
1 
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^ 

1 

1 

1 

Series. 

Extent 

OliSERVlLR. 

References. 

< 

S 

^            I 

Begms.            Ends. 

yxs.m 

OS. 

HOURS. 

6s°.i5 

iS=.8o 

42°.33 

la«. 

1859;   Dec.  1870 

, 

2 

Dr.  J.  S.  Pashley  and 

P.O,  andS.  I.Vol,  i,andS.  0. 

J.  0.  Donoghue. 

i-rs 

P.  0.  and  S.  I.  Vol.  I. 

D838 

18.97 

Ian. 

1858;   June,lS59 

^ 

E.  Haeuser. 

Dec. 

1864;   Jan,   1865 

F.  Hatcbez. 

'I 

4o08 

6043 

46.96 

19.27 

44.85 

Mar. 

1867;   Jmie,l87D 

„ 

° 

J.  L.  Dungen, 
C.  Scribner. 

39 

4^  Ml 

7>4o 

4S.23 

'5-5° 

44-74 

Mar. 

J856;   Nov.  ig6i 

I 

4 

7m  %  % 

J.   E.   Ilimoe  and  S. 

Armslroiig. 
S.  Armstrong. 

P.  0.  and  S.  I.  Vol.  i,  and  S.  0. 

1859 

n 

1 

P.  0.  and  S,  I,  Vol,  I. 

41 

42  SS 

69-4 

49-43 

23.ro 

45-91 

May, 

i860;    Apr.  1S65 

' 

■ 

7„2^9.b^ 

R.  H.  Struthers,  and 
J.  C.  Hicks. 

S.  0. 

4 

49.00 

19,70 

bept. 

Dr.  J.  L.  Pickatd. 

P.  0.  and  S.  1.  Vol.  I,  &  S.  CoR. 

o<,78 

19. oS 

Ian. 

1865;   Feb,  1870 

Oct. 

1857;   Mar.  1858 

Rev.  S.  L.  HOIier. 

P.  0.  and  S.  I.  Vol,  i. 

15 

qSi 

0006 

48.48 

44,24 

Nov. 

1855;   Jiin.   1861 

' 

^ 

E.    Seymour,    j.   W. 
Durham,  and  H.W. 
Phelps. 

P.  0.  and  S.  1.  Vol.  I,  and  S.  O. 

4.6 

68.78 

19.06 

Nov. 

1865;   Aug.  1856 

Prof.  W.  H.  Ward. 

s.  0. 

1859;   Dec.  1870 

W.  W.  Curtis. 

P.  0.  andS.  I.  Vol.1,  &S,  0. 

48 

19.30 

Dec. 

1857;   Mar.  1S58 

" 

^ 

7«  2^  9. 

M.   T.   W.   Chandler 
&  W.  M.  Blanding. 

P.  0.  and  S.  I.  Vol.  I. 

49 

70.62 

53-63 

36.27 

1S49;           1850 

0^  9„  3^  9a 

Gridley. 

S.  Coll. 

47-97 

i860 

■/ 

S.  Armstrong. 

42.89 

1S70 

52 

35 '34 

bl.93 

43. 1 8 

13.16 

38-15 

June, 

,0 

" 

7„  2«  9^ 

Ely,W.  H.  Newton, 

U.   S.   Lake   Survey,   Rep.   of 
1867-68,  P.O.  &S,  I.  Vol.  I, 
and  S,  0. 

53 

43-41 

3i,';b 

Nov. 

1S60;    Apr.  1BS3 

7™2.9^M, 

S.  Ai-msCrong. 

s.  0. 

47.42 

1852;            1853 

Ayres. 

S.  Coll. 

55 

44,13 

69.78 

48.12 

20,75 

45-69 

1856;    Mar.  1859 

^ 

9 

7m  2^  9:. 

L.  C.  Lyle. 

50 

43.0S 

70.17 

47-52 

30,48 

45.31 

Dec. 

1863;    Dec.  1S70 

7 

5 

7^2,  9.ti= 

H.   C.    Mead,  C.  D. 

Webster. 
Dr.  W.  A.  Gordon. 

S.  0. 

57 

69. 6S 

44-RT 

Nov, 

185S;   Dec.  1859 

I 

a 

P.  0,  and  S,  I.  Vol.  I. 

5^ 

42.87 

68.18 

46.70 

19,32 

44,27 

June, 

i860;   May,  1867 

■» 

7 

7„2„9.bi, 

Various  observers. 

WYO 

MING. 

41  09 

33,19 

Dec, 

1857;   June,  1858 
1870 
1859 

" 

7 

7„  2.  9„ 

Maj.  T.  S.  Twiss. 

Ar,  Met,  Reg,  i860, 
MS.  from  S.  G.  0. 
P.O.andS.I.Vol.l. 

4 

j^    5 

6    9S 

43.55 

20.81 

41,27 

J"iy. 

1858;   Dec.  1870 

0 

A^si.iitant  Surgeon. 

Ar.  Met.  Reg,  1S60,   and  MS. 

from  S.  0.  0. 
MS.  from  S.  G.  0. 

5 

3I.I, 

fi^7. 

45-72 

27,50 

43-35 

Dec. 

1869;   Dec.  1870 

, 

1 

43.93 

Nov. 

1S6S;   Dec.  i8;o 

Q 

66    6 

22.4S 

Ian, 

1869;   Dec.  1870 

8 

6s   « 

Kept. 

9 

4093 

7250 

49-39 

29.31 

49-56 

Sep.. 

1S49;   Dec.  1870 

17 

9 

Ar.  Met.  Regs.  1855  and  i860, 
and  MS.  from  S.  G.  O. 

59  97 

7j4I 

48. 78 

23.14 

46-33 

Ian. 

1867;   July,  1868 

7 

MS.  from  S.  G.  0. 

13 

38    0 

6i  84 

44-23 

33,36 

41-88 

Sept 
Dec, 

1S66;    Dec.  1870 

1S58 
1858;   Jan.   1859 

3 

W.  H.  Wagner. 
C.  H.  Miller. 

P.  0.  and  S.  I.  Vol.  I. 

14 

41  S7 

1864 

3 

7„3.9.bi= 

A.  F.  Ziegler, 

s.  0. 

ME 

KICO. 

Dec. 

1862;   Oct.   1S63 

^ 

6 

C,  La^lo. 

S.  0. 

69.63 

1858;   Dec.  1864 

6 

J.  A.  Hieto. 

P.  0.  and  S.  I.  Vol.  I,  and  S.  0. 

7Qfi 

81    5 

73,31 

1S63;   July,  1865 

1 

7E2,9ttW» 

C.  Lazlo. 

8    45 

78.80 

78,56 

183S;   July,  1839 

Bevard, 

Dove. 

7-;  94 

8497 

70.98 

64,29 

75-54 

1830;           1851 

9 

Manuscript. 

75  51 

feS    s> 

82.98 

73.82 

79.16 

1868 

0rN. 

7 

f4 

^.,5 

59.90 

56.68 

Apr, 

1769;    Nov.  1856 

3 

Alzate,        Burkhardt, 
Berard.   L,    C.   Er- 

vcirdberg. 

Cotti,    Blodeet's    Climatology, 
Rep.   Brit.  Assoc.    1847,  P. 
0.  and  S.  1.  Vol.  I. 

!  TliL  obbeniilioni  weve  made 

t  f  m  S.  9™ 

10™  r 

^.3.4.6,8,. 

=  CorrccEcd  for  daily  v 

arialion  by  the  Gidf  table, 
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MEXICO.— Continued. 

Name  of  Station. 

a 

J 

1 

i 

■s 

1 
S 

1 

S 

i 

t 

< 

a. 

6 

k 

G 

8.   Mexico  City  ,     .     . 

66^ 

as",?" 

e^.io 

2"  60 

5o=.4o 

I =.50 

7°.90 

6=,7o 

9.   Minatitlaii      .      .      . 

81.58 

82,72 

80.31 

7K-59 

78,21 

72°.73 

10.  Mirador   .... 

96  40 

61  ".78 

64=.o8 

67.S5 

70.46 

73-51 

72.27 

70.96 

71-55 

70-59 

62,54 

II.  San  Juan  Baulista.  . 

12.  TuKpan    .... 

30  45 

97  17 

78.93 

75-93 

73-38 

69.90 

13.  Veta  Grand  .     .     . 

to-i( 

60.13 

53-37 

63,^3 

59-49 

,8,62 

sB-37 

52.00 

14.  Vera  Cruz     .     .     . 

19    12 

96  09 

2(1 

69.  gS 

71,60 

73.40 

77.18 

81.50 

82,40 

78.44 

75.3S 

71.06 

IS.  VeraCro^     .     .     . 

96  09 

Jf. 

16.   Vera  CiuK      .      .      . 

96  09 

26 

73.10 

;3.3i 

76.90 

77-43 

81.79 

Mo-33 

81.17 

81,61 

79-93 

74-58 

71.77 

COSTA  RICA. 

I.   Heredia    .... 

10  00 

84  00 

71.7S 

69,80 

6Q.n 

68.54 

67- 6q 

6q,44 

3.    Port  of  Limon    ,      . 

83  03 

77.4 

77.2 

76.5 

81.9 

79-7 

79.S 

7S.8 

3.   San  JosS  .... 

9  54 

3772 

6S.34 

69.25 

70-45 

72.10 

72.49 

71.90 

67,40 

68,15 

68,19 

67.57 

67.36 

GUATEMALA. 

1,   Guatemala     .      ,      . 

H  35 

90  30 

4961 

62.74 

64.39 

66.49 

68.96 

68.55 

68,14 

66.  S3 

66,86 

66.73      66,64 

1 

64.72 

64.02 

HONDURAS. 

I,   BdUe 

17  29 

88  12 

75- 

78. 

78.       1  80.          81, 

82, 

82.          82.          82. 

1 

81-       ,  79-75 

75- 

2.   Belize 

17  29 

75- '5 

77-94 

79-55   ,   79-49   1  81.90 

82,74     83.12  1  82,55 

80,81  :  78,13 

74.91 

3.  Truxillo    .... 

'5  54 

86  00 

Ko 

..   ,   ..   1   .. 

82,75      81,85  1      ■• 

S0.27     77,24 

74,0s 

NICARAGUA. 

I.   Leon 

86  ,0 

180 

.. 

80,46 

1    .. 

2.   Nicaragua     (Virgin 

II  24 

85  39 

77.25 

..       |.. 

BAHAMA  ISLANDS. 

1.  Nassau  (New  Pro- 
vidence) 

25  05 

77  21 

8. 

74-31 

73-Si 

77,21 

78.46       80.18 

82,74 

85,23 

85-53      84-32 

80.94 

76,39 

75-9S 

2.  Nassau   (New  Pro- 

80 

69. 

76. 

S3. 

87, 

88.          87. 

So 

3,  Salt  Cay  .... 

21  29 

71  05 

15 

76.94 

75.12 

75.05 

76.02 

79.40 

80.31 

82.34 

83-44 

83,40 

82,42 

80.14 

77-53 

BERMUDA  ISLANDS. 

r.  Bermuda     (R.    N. 
Hospital,    Centre 
Signal  Station) 

32  23 

64  40 

61. 88 

61.04       Si. 83 

64.09 

69.65 

73-99 

78.24  1  80,05 

78,09 

73,10 

67.21 

64-33 

1 

2.   St.  George     .      .      , 

32  23 

64  43 

12. 

'■■' 

62.7         62.2 

60.7 

70.7 

75-1 

74-2 

80.0 

77,0 

72,4 

69.7 

64.8 
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MEXICO,— Continued. 

s 

9 

13 
'4 
15 
i6 

1 

1 

1 

1 

l2 

Sekies.                 Extent 
Eeghis.             Kiids.        yrs.mos. 

Oeseeving 

Observer. 

References. 

70.61 

60.38 
77.00 
77.90 
78.71 

3°-03 
79-05 
71-59 

6r'.i  ( 
81.92 
81.50 
81.04 

go.  70 

75,  So 
67.98 

76.08 
57.48 
78,26 
78.62 
78.39 

50.80 
70.S8 
71.96 
72-73 

68'''.as 

57-44 
77.0s 
77-72 
77.72 

'769 

May,    1S58;    May,  1859 

Jan.      1854;   Dec.  1870 

Feb,     1861 ;   Nov,  1862 

1S67 

1839;           1840 

1791;           1803 

lb    0 
0    3 
Q     4 

13     0 

V„  3I 

7i„2j^9.M, 
Sk  4j. 

C.  Sartorius. 
C.  Lazlo- 
B.  Crowther. 
Buridiardl. 
Orta, 

Assi?t,'Su're!,'br,   G, 

Eerendt. 

Blodget's  Climatology, 
P.  0.  and  S.  i.  Vol.  I. 
P.O.  and  S.  I,  Vol.  I,  and  S.  O. 

s,  0. 

Rep.  Brit,  Assoc.  1847, 

Bridge  water  Treatise. 
Army  Reg.,  P.  0.  and  S.  I. 
Vol,  I, 

June,   1847;   Aug,  1859 

3     7              ' 

COSTA  RICA. 

3 

7154 

69.83 
80.03 
69.17 

68.56 
67.97 

70.04 
77.80 
68,33 

69.99 
69.^ 

1868 
Oct.     1865;   Aug.  1866 
Jan.      1861;    June,  1861 

I    0       7„  2.  7. 
4    '  1  7„,2.9.bi. 

Seflot  Rohrmoser. 
Philip  Valentin. 
C.  M.  Raolte,  Dr.  A. 
Frantzius. 

s.  0. 

MS.  in  S.  Coll. 
S.  0, 

GUATEMALA. 

^ 

a8.„ 

67..8 

66.03 

63.72 

65.26 

Jaij,      184s;    Dec.  1859        4     0 

Bailiy  &  A,  Canndas. 

Rep.  Brit.  Assoc,  1847,  P,  O. 
and  S.  I.  Vol.  I. 

HONDURAS.                                                                                          1 

3 

79.67 
S0.3I 

82.00 
83.18 

80.92 
80.50 

76,00 
76.00 

79-65 
Eo.oo 

0    5 

9«3, 

S-  Cockbura 
E.  Purdot. 

Martin's  Biit.  Colonies  p,  138. 

S,  Coll. 

P,  0.  and  S.  1,  Vol,  I. 

1863 
1S54 

NICARAGUA.                                                                                         | 

. 

1S49 
1865 

0     I 

Gr9.3. 

7.^.6, 

Squier, 

F.  M,  Rogers. 

S,  Coll. 
S,  0. 

BAHAMA  ISLANDS. 

1 

3 
4 

78.62 

77.67 
76.S2 

84.50 
S6.00 
82.03 

80.55 
80.33 
81.99 

74.70 
70,67 
76.53 

79.59 

7S.67 
79V34 

Jan.      1841;    Aug.  1859 

3  " 
2    9 

7™2„9.„u 

J.      C.      Lees,      Chief 
Justice,  and   A.   M, 
Smith. 

S,  S.  Garland. 

J.ArthiirJ.E.Hayne 
J.    C.    Crisson,    A 
G,  Carothers  (U.  S 
Con.nl), 

Printed   Journ,   in   S,   Coll.,  P. 

0,  and  S.  I.  Vol.  I. 

Martin's  Brit.  Colonies  p,  105, 

S-0, 

MS,  in  S.  Coll,.  P,  0.  and  S. 

1,  Vol,  1,  and  S,  0. 

1 861 
Feb.     1844;   Dec.  l86g 

BERMUDA  ISLANDS. 

65.19 
64.53 

77-43 
76.43 

72,80 
73-03 

62.42 
63.00 

69.46 
69.25 

Jan.      1836;    Dec.  1S59 
Jan.     1856;   Dec.  1S59 

12     9 

3     5 

{ vt 

Capt,     Page,    R.    E. 
g.    L,    D.    Wells 
Assist.  Sui^.  R.  N. 
Serg't    561%,    Reg 
Signal  Director,  and 
Hartshorn. 

R,  E.  Mel.  Obs'y. 

Pamphlet  by  Sir  W,  Reid,  Gov., 
MS.    in    S,  Coll.,  Bermuda 
Royal  Gazette,  and  Board  of 

"Bermuda  Royal  Gazette. 

"  Corrected  foi-  daily  variation  by  the  Gulf  table.                                                                                                      | 
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CARIBBEAN  ISLANDS. 


4.  Bsrbadoes     .     . 

5.  Guadeloupe  .     . 

6.  Roseau    (Domini 

Island) .     .     . 

7.  St.  Bartholomew 

8.  St.  Christopher  . 

9.  St.  Thomas  .     , 

10.  St.  Thomas  .     . 

11.  St.  Vincent  .     . 

12.  Santa  Cruz    .     . 

13.  Sombrero  Island 

14.  Tortola     .      .     . 

15.  Trinidad    (Port    of 

Spain)   .      . 

16.  Trinidad  .      . 
.  Trinidad  .     . 


St''.70 
■63 


79.48 
8Z.94 


.  Havana  . 
.  Havana  . 
.  Havana    . 

.  Havana  . 
.  Havana  . 
,  Havana  (College 
Belen)  . 
8.  Mattinzas 
,  San  Fernando 


7S.80 

80.69 

75-74 

78,9s 

74-08 

76.62 

77.97 

79.12 

76.46 

78,94 

75-76 

74.60 

70.00 

75-56 

75-13 
79-54 


78.79 
75-90 
76-50 


JAMAICA. 


3.   Up  Park  Camp  . 


SAN  DOMINGO. 


PORTO  RICO. 


1.  Eslate  San  Isidro    . 


S0.33       81.33 


GUIANA  (BRITISH). 


6  45  ^  58  c 
6  45  ,  58  0 
6  49      58  I 
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CARIBBEAN  ISLANDS. 


Series. 

Bejjins.  Ends. 


Dec.    1833;   Nov,  1834 

1836 
May,   1841;   Jan.   1842 

1844 
1849;  1851 


May,    17S6;    Apr.   17S7 

1840;  1845 

1S33 
1S24;  1832 

Dec.    1836;   Apr.  1837 

Feb.    1863;   Ocf.   1865 

1831 i        1S33 


Oct.      1S56;   Feb.  1857 


Rev.  Dr.  Tuckermaa. 


Martin's  Btit.  Colonies,  p.  So, 

Rep.  Brit.  Assoc.  1847. 

Dove. 

Rep.  Brit.  Assoc.  1S47. 

Martin's  Brit.  Colonies,  p.  75. 


Rep.  I 


1847- 


Dove,  1853. 

F.  O.  and  S.  I.  Vol.  I. 

Martin's  Brit.  Colonies,  p.  26. 


6070 

86.48 

8355 

74.46 

81.30 

7W1 

84.18 

77.2M 

bK.44 

7022 

81-35 

7S..2 

72.98 

77.17 

Sl.DS 
78.9^ 

78  gS 

.i.30 

71.24 

7S'18 

8,.Q4 

7973 

71.66 

79.05 

rfagi 

Si -93 

79-55 

73-43 

70.67 

71  X, 

S3.04 

75-13 

64.79 

73-49 

Jan,      1859;  Nov.  1870 

1832;  1S35 

Jan.      1839;  Juiie,iS40 

183I;  1833 


Humboldt. 
Gibbs  iind  Pocy. 


Mill  lory. 

Blake. 

Schonbuigh. 


Rep.  Brit.  Assoc.  1847. 
MS.  in  S.  Coll.  &  Print.  Jou 
Bridgewater  Treatise. 


80.5. 


79-52  I  75. 

..      !  80. 

80.33      7S. 

79-75  I  76- 


77-49 
80,67 

78,77 


Col.  W.  B.  Marlow, 
and  J,  G,  Lawkins. 

From  Sir  J.  McGre- 
gor's OfEce,  Military 
Medical  Dep. 


Martin's  Brit.  Colonies,  p.  5. 


SAN  DOMINGO. 


May,    1782;    Apr.  1783 


PORTO  RICO. 


3      7Q,oo      86,89      81.56      78.05 


G,  Latimer. 
W.  A.  Mitchell. 
Vevtez. 


GUIANA  (BRITISH). 


31-33 
Means  of  18  daily  ol 


79.» 


1843 

"'ik's'^" 


>      3m  9™  .3.  % 
6  I      


MS.  in  S.  Coll. 


a  The  observing  hours 
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GUIAHA  (DUTCH).                                                                                   | 

i 

.3         K 

J5 

-5 

^ 

^ 

J 

1 

t. 

^■ 

J 

A 

h 

< 

^, 

A 

< 

0 

K 

I,  Catharina  Sophia      . 

■;°48' 

^C=4T' 

8o=.42     So'>.40 

80'.  22 

80=.  14 

Si=.45 

Si''.42 

80°,  60 

',a 

2.  Commervine  .     ,     . 

5  38 

54  43 

77.18 

77.DO   1   78.  OS 

77-90 

78.08 

78.26 

79.16 

78,80 

3.  Guanabacoa    .     .     , 

72.76 

7S.33  !  76.00 

78.67 

80.67 

4.  Paramaribo     .     .     . 

78.0. 

So. 02 

5.  RioBerbice    .     .     . 

6  29 

57  30 

78.44 

79.88       80.24 

8,.I2 

84- 1« 

f(l.K4 

84.20 

82.76 

80.24 

6  00 

55  00 

77.34 

77.56 

78.19       78. 24 

77.93 

77.40 

77.8. 

79.61 

80.17 

80.76 

79.06 

7S.04 

NEW  GRANADA. 

I    A  iin«j.Il 

9  21 

79  54 

6 

78.82 

7S.85 

79. '3 

79-9S 

79.98 

79.43 

78.96 

79.26      78.91 

7S.64 

78,57 

78.98 

3    Barbacoas 

830 

79  00 

6s 

78.74 

3    B<^Qta 

4  1" 

74  14 

60,07 

4    Bogoti 

436 

as5, 

9   21 

77,22 

7S.66 

77.  b2 

7r84 

70.S2 

7    Pinama 

857 

81,9 

73  00 

84.25    ,    81,50 

84.30 

M4.38 

Si.  70 

VENEZUELA. 

I.   Caracas       .... 

10  3C 

66  ^S 

2QOt) 

69.73 

69.9S 

70.25 

71.66 

73-04 

72.30 

73-63 

73.07 

72-73 

1 

64  i^ 

80.51 

S3- 84 

84-54 

8s,  10 

83.28 

81.50 

8^,21 

64  15 

6P20 

77.90 

78.62 

78.62 

80.24 

80.96 

81.86 

81.14 

72.6S 

S-  Colonia  Tovai      ,     . 

iO  26 

67  20 

0500 

60,65 

62.85 

62.76 

63-36 

63-92 

61.05 

60.50 

61-57 

61.49 

61.51 

60.77 

61.26 

6.  Colonia  Tovar     .     . 

10  26 

67    20 

Cqoo 

61,51 

62.64  ■ 

64.P6 

64.89 

64.89 

65-34 

66.01 

64.62 

7.   La  Guayia       .      . 

76.51 

S.  Marncaybo      .     .     . 

10  43 

71    52 

8336 

86.35 

85,  g3 

86.60 

86,42 

84,99     83,91 

81,87 

9.  Puerto  Cabello    .     , 

b»    17 

79.2 

.,, 

'" 

82.3 

8.,3     1      .. 

79-3 

BRAZIL. 

" 

I.  Congo  Soco    .     .     . 

■ 

—19  59 

43  30 

3360 

71,07 

71.25 

70.20        68.65 

65.75 

60.20 

59.52 

63.81 

61.67 

70,60 

72,19 

72.20 

2.  Para 

'~    I    28 

48  29 

2n 

80.00 

78. 90 

78,90 

79-3° 

80.60 

81  10 

81.60 

81.50 

Si. 10 

Si. 20 

81.90 

3.  Paniambuco    .     .     , 

Us  i< 

81.80 

78.30 

70.44 

75.38 

Si. 06 

81,09 

4.  Rio  de  Janeiro     .     . 

—22    5. 

43  09 

80.13 

80.04 

77-95 

75-47 

70,68 

07-15 

69.96 

70.48 

72.82 

74-39 

77,27 

5,   Rio  de  Janeiro     .     . 

1—22    5i 

43  09 

83.9s 

81.  iS 

77-77 

74-48 

7'-73 

71.99 

74.63 

76.49 

6.    Rio  de  Janeiro      .      . 

—22  54 

43  09 

71.49 

6K.92 

69.73 

69,99 

BUENOS  AYRES. 

I ,  Buenos  Ayres      .     . 

^824 

73-31 

64-77 

55,4s 

53-4' 

53.55 

5'.8l 

54-64 

q8,oi 

68.43 

2.  Buenos  Ayres      .     . 

—34  37 

SS24 

•■ 

CHILI. 

I,  Cliaimrcillo     .     ,     . 

-27  28 

7028 

3860 

66.49 

66.94 

65.93 

62.44 

65-13 

2.  Rio  de  Condon    .     . 

63-74 

61,34 

56-48 

52.70 

52.51 

55-75 

sK,.o 

3.  Talcahuana     .     .     . 

64.72 

59-90 

56.84 

51.62 

—39  5- 

73  '0 

61.47 

55-17 

5'. 57 

50.67 

48.87 

43-47 

48.20 

45.11 

5.  Valparaiso      .     .     . 

71  40 

62.45 

59.05 

54- 98 

57-72 

59.50 

61.50 

6.  Valparaiso      .     .     . 

—33  02 

71  40  (   . . 

1 

54.09 

54-34 

53.26 
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TEMPERATUE.E   TABLES. 


GUIANA  (DUTCH). 


EXTEN'i    OUii]' 


Feb.  1858;  Dec.  1859 

1843;     1S44 
July,  iSlg;  Jmie.lSzo 
>.i.   1833;  Feb.  183s 

1772 
May,  1861 ;  Dee.  1865 


MassS. 

C.  T.  Herir 


NEW  GRANADA. 


Drs.  W.  T.  Wliite,  & 

J.  P.  Kiuge. 
Bertlierd. 
Df.  E.  Wricoscliea. 


S.  O. 

Mamiseript, 

P.  O.  and  S.  1.  Vol  I. 

MS.  in  S'.  Coll. 

S.  Coil. 

Am.  Acad.  Trans. 

Rep.  Erit.  Assoc.  1847. 


VENEZUELA. 


71.6^ 

S1.44 

8j-66 

8Z.04 

80.24 

So.  24 

8I.S6 

76.40 

^3-35 

61.04 

61.59 

64.61 

65.61 

6,.oS 

6240 

7K.41 

79.93 

70.  H 

78.87 

86.  ?2 

K5-n 

82. 14. 

S4.75 

Sept.  1834;  Aug.  1837 
Sept.  1823;  Aug.  1824 
June,  1843;  Feb.  1844 


I'm  4^  9. 
■  9a  3»  9, 


Halle. 
Wright. 
F.    Lifcbfieid,   U.    S. 


Dove,  1853,  P.  O.  &  S.  I.VoI.l, 
Rep.  Brit.  Assoc.  1S47, 
Bridgewatev  Treatise. 
Rep.  Brit.  Assoc.  1S47. 

MS.  ill  S.  Coll.,  P-  O.   and  S. 


MS.  in  S.  Coll. 


80.63 
78.95 
73-75 


Dec     1844;    May,  I 
1842 
1782;  1788 

Ja«.      1S32;    Deo 


{ 

\'f 

N,4j 

rilln. 

Ay. 

,ihDU 

ly. 

BUENOS  AYRES. 


Rep.  Brit.  Assoc.  1847. 

Blodgel's  Climatology. 

Dore,  1853. 

Rep.  Brit.  Assoc.  1847 

Sill.  Jom-n. 

Dove.  1853. 


66.  ,9 

52-47 
61.42 

53-90 

53. 4S 
46.S5 
56.82 
S3-90 

47-77 
61.54 

59-9'' 

51.75 

Nov.    1858;    Mar.  1S59 


P.  O.  and  S.  1.  Vol. 
Dove,  1S53. 


Norr,.— Tlie  heading  of  the  >. 
'  'lie  opiKisiie  ones. 


in  the  northern  hcmis 


;  for  stations  in  south  latitude  Ihey  w 


13    December,  1S74, 
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TEMPERATURE   TABLES. 


ECOADOK. 

Name  of  Station. 

i 

1 

1 3455 
8970 
8970 

43°." 
58.24 

1 

< 

S 

1 

i 

1 
< 

^ 

59-95 

4'''.9S 
60,53 

& 

I.  Antisana  .... 
3!  Quito  '.'.'.'.'. 

— o°27' 

Iff 

7S45 

41'=.II 
60,98 

4'°-99 
60.04 

42°. 60 
59.86 

4I°.92 
60.62 

4O°.08 
59.00 

59-18 

37°.4i 
60.94 

'tt 

42''.42 

FALKLAND  ISLANDS. 

1.  Falkland        Islands 

(Cape  Oxford]   . 

2.  Falkland        Islands 

(Byron  Sound)  . 

3.  PortEgraoiit      .     . 

—52  00 
-SI  25 

61     00 

56.  c« 
54.10 

54.DO    1     5!.(i! 
54.2!            5!'.6o 

48.65 
48.63 

46.64 
46.63 

43.50 
43.48 

37.41 

37-47 

38-64 
38,62 

45-75 
45-73 

47.51 
47-50 

47.20 
47-'9 

1 

49-87 

49.87  ' 

1 
PATAGONIA. 

1.  Cape  1-Iovn    .      .      . 

2.  Port  Famine  (Tierra 

del  Fuego)    .     . 

3.  PortFamine(Tiecra 

del  Fuego)    .     . 

-56  oS 
1—53  38 
1-53  38 

67  00 

70  58 
70  ss 

... 

51.10 

47.80 

49-37 

40.01 
45  .og 

35-^9 
3S-94 

35.47 

37.55 
32.97 

35-42 
33.75 

33.03 

33.40 
33.25 

35.r3 

36.68        . . 

43-34 

PARAGUAY. 

i  I,   Asuncion        .      ,      . 

8= -73       79-43 

75-34 

71.24 

66,69 

67.67 

84-54  1 

PEKU.                                                                                                              ■ 

I.  Cal'ao      .... 

2-  Jm^ 

3-  J-inia 

—12  03 

1—12    03 

77   13 

;5a 

S}o 

73-94 

79-88 

69.80 
80.06 

77.36 

66.56 
77.90 

64.76 
68'.*36 

68.54 

61,70 
67.28 

66,20 

:; 

69,26 

68,36 
71,96 

71.96 
74.84 1 

URUGUAY.                                                                                             1 

I.  Montevideo  .     .     . 

r"" 

S<i.3      ... 

|.o. 

77. 

74- 

72-        1   5S-           56.       1  57.          59. 

58, 

66.         70.         75-       1 

i 
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TEMPERATURE   TABLES- 


ECUADOR. 

E 

1 

= 

ij 

Series. 

Extent 

Observing 

< 

^ 

Begins.           Ends. 

yrs.mos. 

HaUKS. 

, 

38.27 

42.21 

40.85 

Dec.     1845 ;    Dec.  1846 

J     J 

Dove,  1853, 

60.17 

Hallar.1. 

Rep.  Bnt.  Assoc.  1847.                | 

3 

5o.z6 

2     3 

K.,„p,.. 

FALKLAND  ISLANDS. 

48.97 

39-S5 

53.29 
$3-06 
52.73 

Rep.  Brit.  Assoc.  1847,                1 

46.58 
46.  Si 

g 

3 

4S.95 

47-o(» 

I     0 

N. 

Friqninet. 

Rep.  Brit.  Assoc.  1S47.                | 

PATAGONIA. 

Rep.  Brit.  Assoc.  1847. 
Dove,  1S53. 

. 

40.53 

34.09 

1828 

0     7 

bihourly. 

King, 

3 

35.55 

So.5„N.3.6. 

Rep,  Brit,  Assoc,  1S47.                I 

PARAGUAY.                                                                                           j 

• 

75-34 

82,87 

Dec.    1S53;            1854 

0    £     S„,N,4.9, 

Hopkins. 

S.  Coll. 

PERU. 

Rep.  Brit,  Assoc,  1847, 

3 

1861 

0     I 

G.  H.  Brown. 

3 

7S.44 

68.06 

69.14 

77.60 

73-3' 

1799;           i8do 

2    0 

Uranne. 

Rep.  Brit,  Assoc.  1847. 

URUGUAY. 

I  1  68.00      57.33 

64.67 

77-33 

66.83 

<  »|   

Friquiiiet, 

Rep,  Brit,  Assoc,  1847. 

Note.— The  heading  of  the  season 

s  corresponds  to  those  existing  at  the  time  in  the  northern 

ifiinisphere;  fr>r  i.iati(iii 

in  south  latitude  they  would  be 

the  opposite  ones. 
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TABULAR  RESULTS  BY  ISOTHERMAL  CHARTS. 
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EXPLANATION 

THE  ISOTHERMAL  CHARTS  ACCOMPAHYHft  THIS  PAPER. 


The  three  accompanying  charts  have  been  constructed  to  show  the  distiibiitiou 
of  the  atmospheric  temperature  within  the  limits  of  the  United  States,  on  the 
average  during  the  year,  and  for  the  winter  and  summer  seasons. 

The  great  value  of  the  gi-aphical  method  consists  in  its  capacity  of  bringing  into 
a  connected  view  the  result  of  a  large  mass  of  apparently  disconnected  figures,  and 
thus  presenting  their  relations  to  the  eye.  In  the  present  case,  these  relations 
depend  on  the  geographical  and  hypsometrical  features  of  the  country. 

The  results  brought  out  in  these  tables  form  the  basis  of  the  charts.  They  are 
laid  down  by  means  of  curves  connecting  places  of  equal  temperature.  These 
curves  may  be  conceived  as  forming  the  intersections  of  the  earth's  surface  by  a 
series  of  thermal  surfaces  of  equal  temperature  one  above  the  other  and  for  equal 
differences  of  temperature.  The  difference,  here  adopted,  is  4°  Fah.,  and  is  the 
same  for  all  the  charts.  During  the  winter  season  the  decrease  of  temperature 
between  the  southern  and  northern  limits  of  the  United  States  is  greater  than 
during  the  summer  season,  hence  a  greater  number  of  curves  appear  on  the  chart 
showing  the  di,stribution  of  temperature  in  the  winter  than  on  that  for  the  year, 
and  the  chart  for  the  distribution  in  summer  has  tlie  least  number  of  curves.  The 
limiting  curves  are  as  follows:  For  the  cold  season  4°  to  72°  Fah.,  for  the  yearly 
average  36°  to  76°  Fah.,  and  for  the  warm  season  56°  to  88°  Fah. 

From  the  above  designation  of  the  isothermals  it  follows  that  each  curve  must 
be  continuous  no  matter  bow  tortuous  its  course  may  be,  that  is,  it  cannot  abruptly 
come  to  an  end;  of  this  instructive  examples  are  presented  on  the  chart  for  the 
year  by  the  curve  of  48°  Fah.,  and  on  the  chart  for  the  summer  by  the  curve  of 
68°  Fah.  The  construction  of  the  curves  for  the  yearly  distribution  was  found 
slightly  more  troublesome  than  those  for  either  of  the  other  charts,  owing  to  the 
way  in  which  the  mean  temperature  results,  from  the  monthly  means,  are  influenced 
by  the  annual  variation.  Some  difficulty  was  experienced  in  tracing  out  the 
summer  curves  for  the  western  part  of  California,  owing  to  the  well-known  excep- 
tional and  remarkable  distribution  of  its  temperature,  of  which  more  will  be  said 
further  on. 

The  want  of  a  reliable  hypsometric  chart  of  the  United  States  was  seriously  felt, 
not  one  only  on  which  the  existence  of  hills  and  mountains  should  be  correctly 
indicated  as  regards  position,  but  one,  onwhich  the  actual  elevations  are  indicated 
by  contour  lines.  A  rough  hypsometric  chart  of  the  latter  description  was  con- 
structed by  me  to  aid  in  the  tracing  out  of  the  thermal  curves,  but  the  latter  are 
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104  EXPLANATION    OF    THE    ISOTIIEllMAL    CHAETS. 

not  what  tliey  might  be,  respecting  accuracy  in  detail,  were  we  in  possession  of  an 
elaborate  hypsometric  chart. 

On  each  chart  was  plotted  the  mean  temperature  for  the  respective  period, 
corrected  for  daily  variation,  if  necessary,  for  all  the  available  stations  within  the 
area  of  the  chart.  On  the  east  of  the  Mississippi  all  series  extending  over  five 
years  or  more  were  given  to  the  nearest  tenth  of  a  degree  of  Fahrenheit,  those  of 
less  than  five  years'  duration  were  set  down  to  the  nearest  whole  degree. 

The  decimal  point  marked  the  position  of  the  place.  For  stations  west  of  the 
Mississippi  the  limit  of  3°  was  adopted  instead  of  5°.  The  curves  were  constructed 
with  due  regard  to  the  elevations  of  the  ground,  producing  a  resemblance,  for  short 
distances,  of  the  thermal  curves  to  contour  lines  of  equal  elevation.  The  isother- 
mals  thus  constructed  are  not  reduced  to  the  sea  level  for  the  following  reasons.  In 
the  first  place,  we  desire  a  knowledge  of  the  true  distribution  of  the  temperature 
near  the  surface  to  which  we  are  actually  exposed  and  which  affects  agricultural 
and  other  pursuits,  and  not  of  any  artificial  distribution  under  special,  qualified 
conditions  such  as  the  reduction  to  the  sea  level;  in  fact  we  might  as  well  correct 
also  for  propinquity  to  the  sea,  for  prevailing  wind,  for  proximity  of  table-land  or 
large  lakes,  nature  of  the  soil,  and  a  variety  of  other  disturbing  causes,  which 
process  would  finally  bring  about  a  close  conformity  of  the  isothermals  with 
parallels  of  latitude,  and  would  represent  what  has  been  called  the  solar  climate. 
Moreover,  we  do  not  possess  the  precise  data  for  such  a  reduction;  thus  to  expe- 
rience a  diminution  of  1°  Fah.  in  the  atmospheric  temperature,  near  the  surface, 
the  average  values  vary  between  250  and  500  feet  of  rise,  and  at  elevations  beyond  a 
mile,  the  change  in  altitude  must  be  greater  for  the  same  difference  in  temperature. 
Besides,  the  law  is  different  in  the  different  seasons.  It  is  proper  to  connect  the 
decrease  of  temperature  in  altitude  with  the  decrease  of  pressure  to  which  it  is 
supposed  proportional  (when  starting  from  the  absolute  zero  of  temperature),  a 
fall  of  1°  of  temperature  corresponds  approximately  to  a  decrease  in  pressure  of 
nearly  0,25  inch,  the  barometric  column  indicating  about  29  inches,  and  to  0.35 
inch  nearly  for  pressure  at  and  below  2^  inches. 

On  the  other  hand,  if  the  meteorological  stations  were  sufiSciently  numerous  and 
equally  distributed  in  area,  the  isothermal  curves  drawn  among  them  would  them- 
selves furnish  the  best  means  of  ascertaining  the  separate  effects  on  the  climate 
(temperature)  of  the  various  modifying  elements  of  elevation,  slope,  surface  condi- 
tion (wooded  or  barren),  and  many  other  circumstances. 

If  we  review  the  indications  presented  by  each  chart  separately  and  notice  only 
the  leading  characteristic  features  of  the  distribution  of  temperature,  we  may  con- 
veniently divide  the  area  of  the  United  States  into  two  parts,  viz. :  that  east  of  the 
100th  meridian,  of  comparatively  small  elevation,  generally  below  1000  feet  and 
only  exceptionally  rising  to  4000,  and  that  west  of  this  meridian,  with  an  elevation 
generally  above  4000  feet,  and  not  unfrequently  attaining  the  altitude  of  10,000 
feet  and  above. 

When  refemng  to  the  isothermal  ciirves  in  the  description  of  the  charts,  those 
referring  to  the  yearly  period  will  simply  be  designated  as  "isothermals,"  those 
referring  to  the  winter  as  "  isocheimals,"  and  those  referring  to  the  summer  as' 
"isotherals." 
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As  already  pointed  out,  the  position  of  the  isothermal  curves  is  intimately  con- 
nected with  the  hypsometric  features  of  the  country,  and  this  direct  dependence 
has  consequently  been  made  the  basis  of  the  above  division,  greater  or  less  eleva- 
tion constituting  the  principal  cause  of  their  deflections.  This  appears,  for  instance, 
conspicuously  in  the  isothermal  of  52°,  depending  on  the  direction  of  the  Apalachian 
range,  and  in  the  isothermal  of  44°,  depending  on  the  directions  of  the  Kocky 
Mountains,  the  Cascade  range,  and  the  Sierra  Nevada, 

In  the  eastern  part  of  the  United  States,  the  distribution  of  heat  appears  normal, 
as  indicated  by  the  isotherraals  between  44°  and  68°  which  follow,  with  no  great 
departures,  parallels  of  latitude;  in  the  western  part,  on  the  contrary,  it  is  altogether 
more  irregular,  and  the  pure  solar  climate  is  apparently  subverted,  the  distribution 
of  temperature  on  the  Pacific  shore  being  governed  by  a  system  almost  at  right 
angles  to  that  in  the  eastern  part,  and  possessing  an  intermediate  system  of  distri- 
bution at  the  head  of  the  Gulf  of  California. 

In  the  winter  months,  the  proximity  of  the  Gulf  stream  to  the  Atlantic  sea-board 
has  the  effect  of  elevating  the  temperature  in  the  vicinity  of  the  ocean,  the  amount 
being  0°  in  Florida,  about  4°  in  North  Carolina,  and  about  8°  or  10°  in  Massachu- 
setts ;  in  the  summer  months,  the  effect  is  reversed,  as  shown  by  the  isotherals 
curving  southwards ;  this  is  due  to  the  cold  current  running  southwards  between 
the  coast  and  the  gulf  stream,  and  the  depression  produced  would  be  still  greater 
but  for  the  circumstance  of  the  prevalence  of  ivesterly  winds  which  carry  the  heated 
air  to  seaward.  The  depressing  effect,  however,  in  amount,  is  less  than  one-half 
that  given  for  the  opposite  season.  It  would  appear  that  in  summer  nearly  the 
whole  of  Florida  enjoys  an  almost  equal  temperature,  barely  rising  above  80°  Fah, ; 
with  this  we  connect  the  fact  that  in  Florida  summer  constitutes  the  rainy  season. 

On  the  yearly  average  the  vicinity  of  the  Atlantic  is  apparently  without  any 
direct  effect  on  the  temperature  of  the  coast. 

Passing  now  to  the  influence  of  the  great  lakes  we  shall  find  it  similar,  viz. :  a 
warming  efi'ect  in  mnter,  rising  to  about  10°,  and  a  cooling  effect  in  summer, 
depressing  about  5°,  whereas,  during  the  year  the  presence  or  absence  of  this  body  of 
water  would  seem  to  be  of  no  particular  consequence  as  regards  mean  temperature. 

The  coldest  region  is  in  northern  Minnesota  and  northeastern  Dakota,  the  iso- 
cheimal  of  4°  appearing  along  the  low  elevations  near  Eed  Lake  in  Minnesota, 
It  is  near  these  regions  that  the  extremely  cold  waves,  which  occasionally  sweep 
over  the  eastern  and  southern  states  during  the  winter  appear  to  enter  the  United 
States. 

In  the  western  part  of  the  country  we  recognize  as  the  ftiost  remarkable  feature, 
the  great  uniformity  of  the  distribution  of  temperature  along  the  Pacific  coast  as 
exhibited  in  the  isothermal  of  52°,  skirting  the  coast  for  about  650  miles  between 
San  Francisco  and  the  northwestern  part  of  Washington  Territory;  the  same 
feature  is  indicated  by  the  direction  of  the  isocheimais,  approximating  to  parallelism 
with  that  of  the  coast  and  again  in  the  isotheral  of  60°.  The  direct  influence  of 
the  Pacific  Ocean  on  the  climate  of  the  -western  states  (west  of  100°  longitude)  is 
heightened  by  the  presence  of  a  cool  current  running  southward  close  along  the 
coast.  The  presence  of  the  cool  ocean,  together  with  the  prevailing  westerly  winds, 
14    Feuuuarv,  iS;g. 


Hosted  by 


Google 


106  EXPLANATION    OF   THE   ISOTHERMAL   CHARTS. 

sweeping  the  air  which  had  been,  resting  over  the  ocean  across  a  great  portion  of 
the  country,  thus  impresses  the  chief  character  on  the  climate,  viz. :  a  comparatively 
high  and  uniformly  distributed  vnnter  temperature,  which  is  even  felt  beyond  the 
Rocky  Mountains  in  central  Montana,  to  which  latent  heat  is  caiTicd  by  the  moist 
winds,  as  clearly  exhibited  in  my  Rain  Chart^  for  the  winter  season.  With  the 
high  winter  temperature,  we  associate  the  fact  of  comparatively  great  precipitation. 
Secondly,  we  are  impressed  with  the  comparatively  low  summer  temperature  over 
the  Pacific  States;  in  fact  the  coldest  place  in  the  whole  United  States,  at  this 
season,  excepting  only  the  high  mountain  ranges  and  peaks,  is  just  outside  the 
Golden  Gate,  Bay  of  San  Francisco,  where  we  encounter  the  isotheral  of  56°,  which 
appears  nowhere  else  during  this  season.  To  exhibit  the  contrast  more  forcibly, 
we  have  in  the  corresponding  season  and  latitude  on  the  Atlantic  side  (near  the 
mouth  of  Chesapeake  Bay,  a  temperature  higher  by  as  much  as  18°.  With  this 
low  summer  temperature  we  connect  the  fact  of  but  little  precipitation. 

In  winter  this  contrast  between  the  two  (opposite)  coasts  is  of  the  opposite  kind, 
the  isocheimal  of  52°,  off  the  Golden  Gate,  corresponding  to  the  isocheimal  of  42°, 
off  the  mouth  of  the  Chesapeake,  a  temperature  lower  by  10°.  Finally,  we  notice 
the  extraordinary  difference  in  the  range  of  the  mean  temperature  at  the  extreme 
seasons,  this  being  nearly  4°  on  the  Pacific,  and  nearly  33°  on  the  Atlantic. 

We  next  notice  the  greater  accumulation  of  heat  in  valleys  than  in  the  plains, 
the  most  remarkable  instance  being  that  of  the  Joaquin  Valley  and  its  northern 
prolongation,  the  Sacramento  Valley.  This  feature  is  most  apparent  in  the  summer 
season,  when  these  valleys  seem  to  become  reservoirs  of  heat,  and  when  their  slop- 
ing sides  are  most  exposed  to  insolation.  The  mean  summer  temperature  in  the 
central  part  of  San  Joaquin  Valley  rises  above  84°,  when  on  the  sea-coast,  close 
by,  it  is  below  60°.  Other  instances  of  this  kind  are  presented  on  the  chart  for  the 
summer  temperature,  by  the  heated  plains  of  the  Columbia  River,  by  the  region 
along  the  Colorado  and  Gila  Rivers,  and,  to  return  to  the  eastern  portion  of  the 
country,  by  the  lower  valley  of  the  Rio  Grande,  where  the  temperature  reaches  84°, 
by  the  Hudson  Valley,  and  lastly  by  that  of  the  St.  Lawrence. 

The  hottest  region  in  the  United  States  is  along  the  lower  course  of  the  Colorado 
and  Gila  Rivers,  where  we  meet  with  the  isotheral  of  88°. 

It  is  needless  to  follow  out,  in  further  detail,  the  various  features  presented  by 
the  charts,  since  they  address  themselves  sufficiently  to  the  eye,  nor  has  it  been 
deemed  necessary  to  construct  isothermal  charts  for  the  intermediate  seasons  of 
spring  and  autumn,  which,  being  periods  of  transition,  cannot  present  features  as 
striking  as  those  exhibited  by  the  extreme  seasons. 

The  total  number  of  results  from  series  plotted  on  the  charts  and  from  which 
the  isothermal  curves  were  constructed  are  1300  nearly  for  the  year,  1450  nearly 
for  the  winter,  and  1500  nearly  for  the  summer.  For  the  base  chart,  the  Smith- 
sonian Institution  is  indebted  to  Prof.  Francis  A.  Walker,  Superintendent  U,  S. 
Census. 

'  Tables  and  Resnlts  of  the  Precipitation,  in  Rain  ani3  Snow,  in  the  United  States.  Smithsonian 
Contributions  to  Knowledge,  No.  222  ;  Washiogton,  May,  1812. 
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SECTION  IL 


DISCUSSION  OF  THE  DAILY  J-LUGTUATION  OF  THK  ATMOSPHEiUC 
TEMPERATUKE, 


AT    VAKIOUS    I'LACES    IN"    NORTH    AMEBICA. 


The  Daily  Fluctuation  of  the  Temperature. — The  daily  variation  of  tho  tempera- 
ture, due  to  the  change  in  the  sim's  altitude,  and  dependent  upon  the  length  of  the 
day  or  time  of  insolation,  is  principally  affected  by  the  amount  of  aqueous  vapor 
suspended  in  the  atmosphere,  by  the  serenity  or  cloudiness  of  the  sky,  and  by  the 
elevation  of  the  ground.  As  an  accumulative  effect,  the  greatest  heat  will  occur 
some  time  after  the  sun  has  reached  its  greatest  altitude,  and  the  greatest  cold  some 
time  after  its  greatest  depression.  Even  in  midwinter,  in  the  liigh  latitudes  of  the 
Arctic  Regions  and  in  the  continued  absence  of  the  sun,  this  periodic  fluctuation  is  still 
perceptible,  which  may  be  accounted  for  by  the  progress  of  waves  of  heat  and  by 
its  transfer  from  more  southern  and  still  partly  insolated  regions.  In  midsummer, 
when  the  sun  remains  above  the  horizon,  the  range  of  the  daily  fluctuation  in  the 
Arctic  Regions  is  very  small  owing  to  the  small  variation  in  the  sun's  altitude.  As 
an  instance  of  a  small  daily  fluctuation  in  a  low  latitude,  Key  West  near  the  northern 
tropic  may  be  cited ;  here  the  great  humidity  of  the  air  tends  to  confine  the  daily 
amplitude  within  narrow  limits.  As  an  example  of  the  opposite  effect  or  of  an 
excessive  daily  variation,  Albuquerque  in  the  valley  of  tlie  Eio  Grande  may  be 
cited ;  it  is  due  to  the  dryness  of  the  air  and  the  great  altitude  of  the  place. 

For  the  investigation  of  the  daily  fluctuation  hourly  observations  are  quite  suifl- 
cient,  but  they  shonld  bo  continued  for  several  years,  whenever  it  is  desirable  to 
bring  out  reliable  values  of  the  average  daily  amplitude  for  each  month.  It  is  in 
these  investigations  that  the  want  of  self-registering  instruments  or  thermographs 
is  most  felt.  Our  records  of  temperatures,  continued  regularly  during  day  and 
night,  even  for  a  single  year,  are  very  scanty,  and  there  are  but  tliree  stations  where 
the  observations  continue  over  a  sufficiently  long  period;  these  are  Toronto,  Canada, 
and  Mohawk,  New  York,  with  full  hourly  records  extending  over  six  years  at  each 
place,  and  Sitka,  Alaska,  with  records  over  more  than  twice  this  period.     To  Dr. 
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James  Lewis,  of  Mohawk,  is  due  the  merit  of  having  early  brought  into  operation 
a  thermograph  of  his  own  invention. 

The  collection  of  monthly  values  for  daily  iiuctuation  comprises  the  results  from 
bihourly,  hourly,  and  semi-hourly  observations  at  18  stations,  see  first  table  accom- 
panying this  section  of  the  paper.  They  are  arranged  according  to  latitude.  From 
these  the  second  series  of  tables  is  derived  as  follows :  For  each  month  separately, 
the  daily  mean  temperature  f  is  subtracted  from  the  observed  temperature  at  any 
hour,  and  the  difference  is  set  down;  a  positive  sign  thus  indicates  a  higher,  and  a 
negative  sign  a  lower  temperature  than  that  of  the  day.  These  tables  of  differences 
would  furnish  the  true  diurnal  fluctuation,  if  the  effect  of  the  annual  fluctuation  was 
fully  eliminated,  and  if  the  daily  mean  was  accurately  known.  The  amount  of  the 
annual  iiuctuation  in  one  day  is  generally  small  when  compared  with  the  daily  fluc- 
tuation, and  corrections  for  it  need  only  be  applied  in  extreme  cases,  as  for  instance 
in  the  Arctic  Regions,  where  the  daily  range  is  small  in  comparison  with  the  annual 
range ;  at  Van  Rensselaer  harbor  and  Port  Kennedy  the  maximum  effect  for  24 
hours  amounts  to  a  little  more  than  half  a  degree  (Fah.),  on  account  of  which  the 
maximum  correction  for  midnight  and  the  hour  preceding  it  would  be  one-fourth 
of  a  degree,  and  proportionally  less  for  the  intermediate  hours.  This  correction  is 
greatest  in  April  and  October,  and  insensible  in  July  and  January. 

These  tables  of  hourly  difi'erences  furnish  at  once  the  means  of  correcting  any 
Irregularly  observed  series,  and  the  mean  temperature  thus  corrected  will  be  the 
same  as  that  found  from  an  unbroken  and  regular  series  of  hourly  observations. 
The  chief  value  of  these  tables  lies  in  this  application,  and  in  any  special  case  we 
have  only  to  select  the  table  for  that  locality  where  the  thermal  conditions  may  be 
supposed  the  same,  or  at  least  most  nearly  resembling  those  at  the  locality  for  which 
the  interpolation  or  reduction  is  to  be  made.  For  the  purpose  of  facilitating  this 
application,  a  series  of  mean  values  for  certain  selected  combinations  of  hours  is 
added  to  each  table — these  require  some  further  explanation. 

These  combinations  refer  to  those  observing  hours  from  which  most  probably  the 
nearest  approximation  to  the  mean  temperature  of  the  day  may  readily  be  deduced, 
not  only  for  the  entire  year,  but  also  for  each  month  and  for  any  locality,  and  apply 
to  the  cases  of  record  limited  to  two,  three,  and  four  entries  a  day.  The  tabular 
corrections  to  the  selected  four  hour  combination  specially,  become  serviceable  for 
self-registering  instruments,  when  with  the  least  labor  (reading  off  the  trace  or 
punctures  at  those  four  hours)  we  wish  to  obtain  a  reliable  daily  mean  short  of  the 
tedious  process  of  operating  on  24  equidistant  records. 

About  the  year  1815,  Prof  C.  Dewey  examined^  the  hours  7  A.  M.,  2  and  9  P.  M., 
adopted  by  the  Manheim''  Meteorological  Society,  with  reference  to  their  applica- 
bility to  our  climate,  and  in  1816  and  1817  instituted  a  short  series  of  honiiy 
observations  at  Williamstown  which  proved  the  fitness  of  these  hours  for  observa- 
tion in  the  United  States.     These  results  he  communicated  to  Secretary  Calhoun, 


•  Annual  Report  of  the  Board  of  Uegcuts  of  tiie  SmilhsoEian  Institution  for  the  jtar  1851,  p.  310; 
also  aimiial  report  for  1S60,  p.  413. 
^  III  Baden,  Germany. 
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and  the  hours  7,  2,  9  were,  in  consequence,  adopted  for  the  system  of  meteorological 
observations  at  the  military  posts  of  the  United  States,  organized  in  1819  under  the 
direction  of  the  surgeon-general  of  the  United  States  Army,  Although  these  hours 
were  at  one  time  abandoned  (between  1841  and  1854,  when  the  epochs  a  little 
before  sunrise,  3  and  9  P.  M.  were  substituted),  they  were  re-established  in  1855, 
mainly  through  the  exertions  of  Dr.  Coolidge,  U.  S.  A.  The  convenience  and 
satisfactory  character  of  the  results  of  these  hours,  also  led  to  their  adoption  in  the 
meteorological  observations  undertaken  conjointly  by  the  United  States  Patent 
Office  and  the  Smithsonian  Institution  in  1854,  and  they  have  since  been  adhered 
to  by  the  latter  Institution.  The  recognition  of  the  fact  that  the  results  by  the 
three  hours  7,  3,  9  can  be  greatly  improved  by  taking  one-fourth  of  the  ordinates 
at  7,  2,  and  twice  9  in  the  place  of  one-third  of  the  ordinates  at  7,  2,  9,  appears 
also  to  be  due  to  Dr.  Dewey. 

From  the  present  collection  of  results  it  appears  that  the  homonymous  hours, 
10,  10,  give  differences  of  less  than  ^  0°.5  in  the  annual  mean,  that  the  triplets, 
6,  2,  9,  and  equidistant  hours,  6,  2,  10,  arc  of  nearly  equal  value,  and  but  slightly 
superior  to  the  preceding  pair  of  hours,  the  former  combination  producing  a  higher, 
the  latter  a  lower  mean  than  the  true  value  of  twenty-four  equidistant  observations, 
but  deviating  less  than  0°.4.  The  combination  7,  2,  9,  produces  a  result  nearly 
0°.5  in  excess,  whereas  the  modification  7,  2,  9  (bis)  diminishes  this  difference  to 
nearly  0°.l  with  a  change  of  signs  for  different  stations.  The  four-hour  combina- 
tion 3,  9,  3,  9,  adopted  by  the  Royal  Society,  is  the  best  of  all,  being  generally  less 
than  0°.l  above  the  true  daily  mean.  In  the  following  table  of  differences  from 
the  daily  mean,  of  the  average  temperature  observed  at  7,  2,  9,  the  sign  -\-  indicates 
an  excess,  the  sign  —  a  defect  of  the  latter  average.  The  Jirst  line  for  each  station 
answers  to  the  combination  ^  (7,  2, 9),  the  second  to  the  modification  ^  [7,  2,  9  (6is)]. 
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STATION. 

g 

1 

1 

1" 

i 

^ 

< 

i 

a 

i^ 

1 

Van     Rensselaer 
liarb.  ,p  =  78°.6 

ao 

tii 

+o.°5 
+0.1 

+O.S 

+o.°8 
+O.S 

+o°7 
+0-5 

J;°2 

+o°4 

+0.2 

c 

+0.4 

—0.3 

--0.3 

+o.°i 

+o°3 
+0.1 

Fort       Kennedy. 

+o!i 

til 

+0.4 

+0.4 

+0.7 

+0.7 

+0.4 
-1-0.2 

til 

+0.2 

+0.2 

+0.1 

J.i 

^:i 

+0-3 

SM.^(.3_^.,. 

+0.23 
+0.06 

+0.14 
-0.13 

+0.1 1 
—0.33 

+0.44 

fo.72 
+0.07 

+0.59 
+0.12 

t;S 

-1-0.40 
—0.13 

-1-0.27 

+0.2; 
—0.04 

+0.21 
+0.03 

+0.12 

+0.36 
—0,04 

Tliunder  Bay  Isl. 
t  =  45''-o 

+O.S 
+0.4 

+0.6 

■fo.3 

Si 

+0.6 
+0.2 

4-0.6 
+0.. 

+0.9 

+0.8 

+0.9 

+0.3 

ts 

+0.3 

+0.4 

toi 

tii 

t°fs 

Toronto. 

+0.42 
+0.28 

+0.03 

+0.12 
-0.19 

+0.38 
-0.17 

+0.81 
+0.04 

+0.72 
0.07 

+i.or 

-1-0.48 
—0.35 

+0.37 

+0.32 
—0.08 

+0.29 
+0.10 

t".i 

+  0.44 

Moliawl!. 

+0.28 
+0.14 

+0-33 
+0,29 

+0.14 
+0.16 

-1-0.13 
-fo.09 

+0.28 
+0..4 

+0.50 
+0.24 

+0.29 

-0.05 

-1-0. 1 9 

—0.07 

+0.15 

+0.21 
+0.05 

+0.09 
—0.05 

tts 

+  0.24 
+0.08 

Anihcrsl. 

S:S 

+C:i8 

+0.62 

+0.89 
+0.23 

+0.96 
+0.30 

+0-93 
+0.20 

+0.S7 

+0.59 
+0.04 

+0.78 
+0.07 

+0.52 
+0.12 

+0.31 
+0.03 

ts. 

+  0.65 
+0.1  I 

New  HrLven. 

+0.2S 

+0.21 
—0.15 

+0.30 
—0.19 

+0.36 
—0.23 

+0.S8 
+0.10 

+  I.M 

4-0.38 

+0.83 
+0.2. 

+0.07 

+0.53 
—0.02 

+0.45 
-0,03 

+0.34 

+0.37' +0.53 
+0.02, +0.0. 

Frankford  Arsen'l 
^.  =  4o''.o 

+0.39 

S:2i 

+0.37 
—0.07 

+0.30 
—0.25 

+0.79 
+0.14 

-1-0.09 

+  1,01 
+0.11 

+0.78 

+0.65 
-0-35 

+0-1S 

+0.34 

+0.52 

+^■59 

Pliiladelphfa. 

+0.28 
+0.17 

+0,23 
+0.09 

+0.03 

tiS 

-f  0.157 
-1-0.20 

-I-0.S5 
+0.25 

+0.68 
+0.15 

+0-53 
+0.04 

+0.40 
-0,19 

+0-39 
—0.03 

+0.28 
+0.02 

-I-0-37 
+0.27 

Volt 

Fort  Moi^an. 

_°:1 

_°;° 

~S;o 

+0.6 
+0.4 

+0.5 
-1-0.4 

+0-3 

til 

+0.2 

+0.2 
+0.1 

+0.3 
+0.3 

+0.1 
+0.1 

+0.1 
+0.1 

tt.l 

Key  West. 
^  =  24='.5 

— o!2S 

—0.29 

+0.03 

-f-0.24 

-0.05 

+0.2, 

+0.09 
-0.0 

+0.09 

+0..0 

—0.09 

—0.28 

+0,01 
—0.19 

With  the  exception  of  Key  West,  where  the  proximity  of  the  gulf  stream  pro- 
duces an  anomaly,  the  combination  ^  (7,  2,  9  (bis))  is  superior  to  the  simple  mean 
for  the  three  hours,  and,  in  general,  the  results  at  the  different  stations  are,  suffi- 
ciently accordant  to  permit  monthly  average  values  of  differences  to  be  taken ;  omit- 
ting, therefore,  the  first  three  stations  and  the  last  station,  we  find  the  following 
mean  values  applicable  to  most  localities  in  the  United  States  between  latitudes  30° 
and  45°  and  east  of  the  Mississippi. 

Table  of  average  differences,  in  temperature,  of  the  mean  derived  from  the 
observations  at  7,  2,  9,  also  as  deduced  from  7,  2,  9  [Us),  from  the  tiaie  daily  mean; 
-|-  in  excess,  —  in  defect  of  the  true  value.  Expressed  in  degrees  of  the  Fahren- 
heit scale. 


Combination, 

i 

.3 

1 

< 

S 

i 

i 

1 
< 

t 

5 

Is 

p 

17 

Hours;  7,  2,  9 

7.2.9(m,) 

+0°32 

+0.09 

+0^26 

+0.06 

+o°35 
-0.05 

+o°48 
+0.06 

fo.°69 
+0.18 

+o°79 

t± 

+o.°6S 
—0.06 

+o!'42 
—0.09 

+0.42 
+0.03 

+o°26 

+0.01 

+o.°34 
+0.14 

:+o°47 
1+o.oS 

In  order  to  make  use  of  the  values  of  this  table,  as  correctmis  to  means  derived 
from  observations  at  these  hours,  the  sign  is  to  he  reversed. 
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The  above  tabular  values  are  derived  from  more  than  22  years  of  hourly  observa- 
tions made  at  eight  stations.  The  assumption  that  the  average  oi  hourly  observations 
equals  the  daily  average,  is  eo  nearly  correct  as  to  require  no  further  consideration ; 
thus  at  Thunder  Bay  Island,  Mich.,  the  mean  of  24  observations  taken  at  the  full 
hours  is  42°.84,  the  mean  of  24  observations  taken  at  the  intermediate  half  hours 
is  42°.83,  which  is  also  the  mean  of  the  48  semi-hourly  observations. 

Times  of  Sun-rise  and  Sunset  in  different  Latitudes' and  for  eve'fy  tenth  day  in 
each  month. — We  meet  frequently,  particularly  in  the  qlder  meteorological  observa- 
tions, with  records  taken  at  the  times  of  sunrise  and  sunset ;  this  practice,  now 
generally  superseded  by  better  selected  fixed  epochs,  still  obliges  us  to  resort  to 
tables  of  times  of  sunrise  and  sunset,  with  the  day  of  the  month  and  the  latitude  as 
arguments,  whenever  we  aim  at  a  careful  reduction  of  the  recorded  temperatures. 

In  computing  such  a  table  for  various  latitudes  and  to  answer  for  any  year,  the 
deduced  times  can  only  be  more  or  less  close  approximations  on  account  of  the  small 
variations,  in  different  years,  in  the  sun's  declination,  in  its  distance,  and  in  the 
equation  of  time,  on  the  same  nominal  day.  Fortunately  a  few  minutes  of  error 
with  a  tendency  to  cancel  itself  for  long  series,  are  of  little  moment  in  the  meteor- 
ological record.  The  tabular  quantities  will  generally  be  found  correct  within  2 
or  3  minutes,  excepting  in  the  higher  latitudes,  where  this  limit  may  occasionally 
be  slightly  exceeded. 

The  times  were  computed  by  the  formulEe 

,  cos  I  sin  &  sin  (5  .  .,  r,l\n     i  i  i       t  nnoei.  ^ 

cos  t  = ^-^ ■        and        I —  ^0°  A- 'r  —  %-[-  s  ^  d  =  90°5rnearly. 

cos  ^  cos  5  '  '  '' 


where  ^  =  latitude, 

h  =■  sun's  declination, 
f  =  sun's  zenith  distance, 
i  :^  hour  angle. 


r  ^=  refraction  in  horizon, 
s  ^=  sun's  semidiameter, 
7T  =  sun's  horizontal  parallax, 
d  ^  dip  of  horizon. 


The  apparent  time  was  changed  to  mean  time  by  application  of  the  equation  of 
time  {E). 

The  value  of  6  may  vary  in  different  years,  for  the  same  nominal  day,  by  J^  9' 
nearly,  from  its  average  amoimt;  the  value  of  s  hardly  varies  as  much  as  ^  0'.5  ; 
the  variations  in  E  for  the  same  nominal  day  amount  to  less  than  ±  ^  of  a  minute, 
and  the  maximum  half-daily  change  is  of  the  same  amount.  The  use  of  the  value 
of  8  for  the  meridian  of  Washington  instead  of  any  other  meridian  within  the  limits 
of  the  United  States,  cannot  occasion  an  error  as  great  as  that  previously  noted  for 
§.  The  changes  in  the  horizontal  refraction  due  to  extremes  of  temperature  (and 
atmospheric  pressure)  may  amount,  at  most,  to  about  J^  8'  from  the  mean  state, 
assumed  at  35'  (temp.  50°  Fah.;  pressure  30  inch.).  The  value  of  f  was  taken  as 
constant,  6  was  taken  from  the  ephemeris  for  the  times  of  sunrise  and  set  for  those 
parts  of  the  year  where  the  use  of  the  meridional  value  would  introduce  a  notable 
defect.     Both,  ^  and  E,  refer  to  average  years. 

15    Febkuary,  1875. 
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Time  of  Sunrise.—Coiitinucd. 
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4  57 
4  52 

5  15 

S  14 

5  w 

5  08 

5  04 

5  02 

45S 

456 

5  H 

5  16 

5  04 
i;o6 

458 
5  00 

4  55 

4  53 

4  50 

448 

^  '4 

5  i^ 

^  oS 

5  04 

■5  14 

5  12 

5  10 

5  07 

5  05 

5  03 

5  00 

458 

4  55 

4  53 

Hosted  by 


Google 


DISCUSSION"   OF   THE   DAIIjY   FLUCTUATION" 


Time  of  Sunset. — Coiitinued. 
Latitude. 


May   I 
Jur 
I  July    1 


5  27 
5  39 
5  47 


5  23 
5  35 
5  45 


631 


7  05 
6  55 
6  43 


632 

5  43 

6  5' 

6  59 

7  09 


7  26 
7  24 
7  19 

7  09 
6  58 
6  46 


5  54 

6  03 
6  13 

633 
6  44 


6  30 
5  15 
5  59 


5  53 

6  03 
6  13 


7  36 
7  33 
7  27 


5  43 
5  28 
5  14 


5  34 


4  59 
4  47 
4  40 

1-  36 
4  36 
4  39 


6  26 
637 
6  50 


635 
6  17 
5  59 

5  42 
526 
S  09 


5  41 
5  24 
5  07 


5  03 
5  18 
5  34 


6  56 


7  50 
7  47 
7  39 


7  14  I 
7  27  S 
7  40 


7  47 
7  55 
7  59 

7  59 
7  55 
7  46 


8  03 
7  59 
7  50 


6  59 
6  39 
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OF    THE    ATMOSPHERIC    T  E  MP  lil  R  A  T  UE.  E. 


Time  of  Sunset- 

Comintied. 

Latitude. 

Date. 

49" 

60° 

51" 

52° 

53" 

54" 

56° 

56" 

57" 

58" 

59" 

60" 

4  26 

4  40 

4S8 

5  14 

4I108™ 
4  22 
4  36 

4  55 

4^03'" 
4  32 
4  SI 

3"  58" 
:2s 

448 

5  07 

4  24 

4  45 

5  04 
5  24 

5  38 

3M8'° 
403 

3"  43" 
358 
4  15 

438 
4  59 

3"  37" 

4  04 
4  29 

1^32- 

3M4- 

3^o5~ 

3  39 

3  59 

4  25 
4  50 

4  34 
456 

446 

5  30 
^  4^ 

M,,.  I 

5  44 

■5  41 

5  39 

5  37 

1  3& 

5  35 

5  34 

,,. 

5  30 

5  28 

5  59 

6  IS 

63' 

6  46 

5  59 

6  15 

1^^ 
6  15 

633 
648 

5  5« 

6  15 

■634 

5  57 

6  15 

635 

6  36 

6  54 

7  14 

152 

637 

6  55 

7  17 

7  35 

638 

6  5S 

6  40 

5  53 

6  17 

6  42 

7  04 
7  30 

5  52 

6  17 

6  44 

7  07 

7  34 

!S 

6  39 

fi-;. 

7  04 

7  09 

7  24 
7  42 

7  57 

8  09 

J  26 

7  39 

7  43 

8  39 

\\i 

857 
8  47 
834 

748 

7  34 

7  47 

7  59 

73S 

746 

7  SO 

7  43 
7  55 

8  30 

848 

9  01 
9  07 

9  05 
8  55 

838 

8  57 

8  46 

804 
S  14 
S  i9 

8  ,4 

S3> 
84s 
850 

849 
8  40 

8  32 
8  37 

8  36 

S38 
8  43 

S  42 
8  34 

21 

8  13 

8  25 

S07 
8  03 
7  54 

7  39 

830 
823 

9  "4 
8  56 

I?, 

7  37 

7  t>s 
6  35 
6  03 

Hi 

9  04 

8  48 

S25 

8  07 

7  Sr 

7  33 

7  47 

7  55 
7  36 
7   14 

6  45 

7  59 

8  03 

7  43 

7  55 
7  30 

7  59 
7  33 

7  05 

7  07 

645 
6  23 
6  01 

7  09 
6  4S 

7  17 

7  23 

7  27 
657 

648 
6  24 
6  01 

653 

^^r 

6^ 

633 
6  03 

6  01 

601 

602 

602 

6  03 

6  03 

6  03 

5  39 

■:  .8 

5  18 

5  16 

5  3S 

5  '4 
4  52 

I3I 

5  03 
4  35 

4  59 

458 

4  56 

4  54 

4  50 

4  48 

4  46 

4  43 

4  41 

4  40 

4^8 

4  35 

4  33 

4  ^0 

4  27 

4  24 

4   2! 

4  '7 

4  13 

4  09 

4  OS 

4  24 

4  14 

4    iO 

4  07 

4  04 

4  00 

3   -^^ 

3  46 

3  40 

4    13 

4  06 

4  09 

4  05 
3   17 

4  01 
3  52 

3  57 

3  47 

3  53 
3  42 

348 

3  37 

3  43 
3  32 

3  3)i 
3  26 

3  J9 

3  " 

40J 
406 

'A 

3  49 
3  5° 

3  44 

3  45      ... 

3  39 

3  33 

3  34 

n^ 

3  04 

3  °4 

2  55 

2  55 

3  2= 

3  '3 
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TABLES 


BI-HOURLY,  HOURLY,  AND  SEMI-HOURLY  MEAN 
TEMPERATURES, 


EACH  MONTH  AID  THE  YEAR, 


AT  VARIOUS  PLACES  IN  NOKTH  AMBEIOA. 


(  lai) 
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Google 


TABLES  OF  MEAN  TEMPERATURES  AT  DIFFERENT  HOURS  OF  THE 
DAY,  FOR  EACH  MONTH  AND  THE  YEAR. 


INDEX    TO     STATIONS. 

[Arranged  according  to  latitadcs.] 

Van  Rensselaer,  North  Greenland        .... 

Port  Foulke,  North  Greenland 

Port  Kennedy,  North  Somerset 

Sitka,  Alaska  Territory 

Montreal,  Canada  East 

Thunder  Bay  Island,  Lake  Huron,  Mich.    . 

Toronto,  Canada  West 

Mohawk,  N.  Y 

Cambridge,  Mass.       ....... 

Amherst,  Mass. 

New  Haven,  Conn . 

Brooklyn  Heights,  N.  Y 

Philadelphia,  Girard  College,  Pa 

Jackson,  Ohio 

Washington  City,  Capitol  Hill,  D.  C.  ... 

Washington  City,  U.  S.  Naval  Observatory 

Fort  Morgan,  Mobile  Point,  Ala,         .  .  .         , 

Galveston,  Texas         ....... 

Key  West,  Florida     ...,.., 


(  122) 
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Google 


TABLES   OF   MEAN   TEMPERATURES 


Hour, 

jL.n. 

Feb. 

Mar. 

April, 

May. 

June. 

July, 

Aug.       Sept. 

Oct. 

Nov. 

Dec, 

v„,.    j 

Hourly  Means  of  Temperature  (Fah.  scale). 

Van  Rensselaer  Harbor,  North  Greenland.'    Lat.  78°  37'.     Long.  70°  53'  W.  of  G. 

Near  sea  level.     Dr.  E,  K.  Kane.     Sept,  1853,  £0  Jan.  1855,  iuclusive. 

Mdn't 

-2S°.3 

-^l°.fi 

-18».4 

— u°,4 

-flO<'.2 

+2S-.2 

4-36'>.o 

+29''.S 

+  IO=.7 

-4°,  7 

-22°.  6 

— 3i.°4 

-4°.  5 

2S.1 

3a,  8 

27.0 

36.6 

29.2 

31-5 

—4-7 

S8.0 

30.7 

-4.6 

28.6 

38,8 

,3b,8 

29,5 

"■5 

3.5 

3 

-ii.b 

-4.6 

38.7 

27.0 

29.8 

3.4 

31,8 

—4.4 

s 

34-2 

38.Q 

36.9 

29,7 

11.4 

3-3 

30.9 

12.7 

29,5 

30.3 

3-3 

S8.0 

30-4 

37-8 

31.0 

28.^ 

32-9 

17.0 

^1,0 

38-4 

31.9 

3-2 

31.0 

9 

32-6 

39-4 

33.0 

15.2 

2.9 

30-7 

6.1 

39-6 

33.9 

2-7 

30.6 

34-5 

5-1 

15.3 

3'-4 

40.0 

34.0 

30-5 

—1-5 

27.3 

31,8 

34-0 

4-5 

15.9 

32.2 

40.0 

34-2 

3.0 

4 

30.0 

27,5 

33.0 

4.0 

34-2 

10..; 

7 

27.6 

3i'3 

33-2 

3-2 

10,4 

32.2 

39-7 

34-2 

3-2 

30.4 

3<-4 

3-1 

16.  ^ 

1^.0 

31 

28,  S 

39.6 

33-3 

9 

3I.I 

^<i.O 

38,q 

31-7 

16.2 

4.4 

15-3 

31.2 

38,.; 

32.5 

13-9 

3-9 

31-3 

7 

27.9 

31-6 

36-7 

S-S 

'4-5 

30.8 

32,1 

13-1 

4-S 

31.9 

28.1 

11.8 

37.6 

6.7 

13-6 

30.6 

37.7 

31-7 

4.6 

■! 

11.8 

— 3-0 

37-7 

29-9 

3'. 5 

31.7 

—3-4 

la.o 

0.b 

"■7 

^o.a 

" 

— 33'3 

-38.2 

—10.3 

+  10.7 

+30.8 

+30.4 

+11.1 
+'3.4 

-3.5 

—22.7 

-310 

Mean 

-28. 2 

—32-7 

-35-8 

—  7-7 

+"3-4 

4-30.1 

+38.2 

+31.8 

-"■- 

~3i.i 

—2.9 

Bi-HOURLY  Means  of  Temperature. 

Port  Foulke,  North  Greenland.'    Lat.  78°  18'.     Long,  73"  00'  W.  of  G. 

Near  sea  level.      Dr,  I,  I.  Hayes.      Sept.  i860,  to  July,  1861,  indiisive. 

Mdu't 

—26.3 

-2.;,  8 

—24.8 

-'3-5 

+  21,1 

+33.0 

+39-4 

+30.4 

+21-S 

+6.9 

+  2.5 

—12  r 

-4-37 

-37.0 

-2S 

3 

-14.0 

-  -32.2 

-39-5 

-  -30-7 

4 

-27.2 

—14.4 

-  -ai.g 

-  -33-7 

-39- S 

-  -31-0 

-•22,3 

--6.8 

-4.24 

—26.7 

_-2S 

4 

--6.6 

-25.7 

—24.2 

-2- 

-11.5 

-  -25-4 

■-35-I 

-41.7 

-  -32.2 

--7.1 

1-5-73 

—25-4 

—24.2 

4 

—10.9 

-  -42. 5 

-  -32.6 

-  .22.7 

7 

—25.2 

—24.0 

7 

■  --!0,8 

-42.3 

-  -32-7 

-  -23.2 

--8.5 

--3.2 

.6.78 

-^h.9 

-23.0 

-1', 

■  -37-4 

-  -43-7 

- -23.1 

'■ 

--I.0 

—24.5 

■  -3^.8 

-  -36.3 

-  -42-4 

-  -32.0 

-.8.-, 

--3.9 

-6.42 

— i.s.y 

-24.7 

<^ 

-23.9 

- -35-3 

-  -32-1 

--3.5 

7 

Me:iii 

-26.05 

—23-3 

-13.0 

+22.3 

+33-9 

+41.3 

+31.8 

+22.3 

+7-2 

+3.4 

—13.4 

I-5-I3 

—34.95 

—22.44 

—11.72 

+24.0S 

+35-13 

+41.49 

+32.04 

+22.59 

+  7.62 

+J.01 

-'■=' 

+5-69 

N.  B.     The  above  n 

imbers  are  corrected  for  en-or  of  scale  of  tliermometei-s,  but  are 

ot  changed  for  (he  effect  j 

of  the  annual  fluctuation,  which  in  Feb.  is  lero  and  in  May  0.4  (its  maximum  amount)  at  midniglit;  see  table  on  p. 

iSjof  Sm.  Cent's,  No.  196, 

2  Smithsonian  Contributions  to  Knowledge,  No,  196;  Wnsliington,  1S67, 

The  August  values  are  interpolated,  means  of  July  and  Sept.  values. 
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TABLES   OF   MEAN   TEMPERATURES. 


Hour, 

I.... 

Feb, 

Mar. 

Apr.    1    May.       June. 

July,    1    Aug.        Sept, 

Oct, 

Nov. 

Dec. 

Year. 

El -HOURLY  Means  of  TEftrPERATURE. 

Port  Kennedy,  North  Somerset.*    Lat.  72=  01'.     Long 

94° 

14'  w. 

ofG. 

Near 

sea  level.      Sir  F.  L.  McClinloeki.     Aug.   1S58,  to  Aug.  i 

859,  inclusire. 

Mdn't 

-»? 

-37°-6 

— 2I°,I 

— 6°.! 

+1I-.4 

+31M 

+37°.o 

+3S°-9 

+24°-7 

+6",4 

— i3°-o 

— 34''-o 

O°.oo 

-34.6 

-37-7 

— 21.S 

-5-7 

30.  z 

36.5 

35-6 

24.5 

6.9 

-33-2 

4 

— 3S 

—37-3 

—21,5 

-4-7 

133 

33-3 

37.2 

35-6 

24.2 

7.4 

— 11^6 

—331 

64 

—34 

8 

-37-3 

14.3 

35-0 

39-2 

36.0 

34.1 

7-0 

-33-3 

09 

8 

—34 

—37-0 

-19.9 

—2.6 

16,5 

38.1 

41.3 

36.8 

24.7 

7.2 

— 34-0 

—34 

4 

-36.9 

—15-2 

-0.6 

17.6 

39-8 

42.9 

37-6 

25-5 

8.1 

—10,5 

—33-4 

-; 

37 

Noon 

—34 

-36-3 

—12.4 

+1.0 

18.8 

39.8 

43.5 

38.1 

26.5 

8,9 

—  10.7 

-33-5 

13 

—34 

-36-3 

—12,5 

+  1-4 

42-3 

38.2 

27.0 

8.4 

-11-5 

—33-4 

- 

-3 

89 

—34 

-36-8 

—14,2 

+0-3 

36-9 

42.0 

38-0 

26.8 

7.4 

-33.8 

- 

-3 

6 

—33 

7 

-37-3 

-18,9 

.6.5 

35-4 

41. 1 

37-7 

26.4 

7,2 

—12.3 

—33-9 

r2 

18 

8 

—33 

9 

-37- « 

-19,7 

—4,4 

14.3 

33-9 

37.2 

25-6 

7-' 

—13.6 

—34.0 

■1 

37 

10 

—33-9 

—37-0 

—20.0 

+  13.6 

+32.0 

+38.6 

+36-7 

+25.4 

+7.0 

—12.7 

—34.1 

^ 

ho.  73  1 

Mean 

-34.4 

—37-1 

-18,2 

—3,8 

+  '5-3 

+35-3  1+40.' 

+36.9 

+35.4 

+7.4 

:"' 

-33.6 

+r.S9 

Means  corrected  for  error  of  scale. 

Hourly  Means  between  4  A.  M.  and  10  P 

M. 

Sitk 

a,  Alaska  Ter'y.    Lat.  57°  03'.    Long,  135" 

zo'  W. 

of  G. 

Alt.  20 

ft.    18 

7  to  1864,  inclusive.     Magnetlcal  and  meteorological  obse 

vatory  a 

Japonski  Island.                  | 

(Annales  de  I'observatoire,  physique  central  de  Russ 

e,) 

! 

Mdn't 

1 

39-So] 

39.57] 

39.40] 

3 

39.30] 

4 

29.89 

28V76 

32.61 

35-41 

40-45 

45-97 

50.24 

50-71 

47.41 

41-99 

36.95 

31-46 

39.32 

5 

29.93 

28.69 

32-35 

35-67 

41.04 

47.03 

50-97 

50-97 

47.54 

42.08 

36.88 

31.30 

39.54 

6 

29.95 

28.58 

32-35 

36.31 

42.61 

4S.69 

52.15 

51-51 

47.75 

42.12 

36-63 

31.32 

7 

29.89 

28.38 

33-12 

3S-03 

44-46 

49.86 

53.69 

53-08 

48. 76 

42,28 

36.68 

31-25 

40.79 

8 

29.84 

2S.76 

34.67 

39-S9 

46-13 

52.04 

55.17 

54-59 

50,24 

43,96 

36-74 

3"-28 

41.86 

9 

30.16 

29-93 

36-59 

41-52 

47-84 

53.71 

56.88 

56.20 

51.82 

44,03 

37.42 

31-44 

43-13 

30-89 

31-59 

3S-11 

42.98 

49-23 

55.06 

5S.07 

57-58 

53-33 

45.07 

38,27 

31-98 

44.35 

31-82 

33-23 

39-33 

44-12 

50-38 

56.16 

59.00 

58.77 

54-68 

45.99 

39.06 

32.69 

45.42 

Noon 

32-63 

33-71 

39-S3 

44-60 

50-83 

57.22 

59.76 

59-56 

55-60 

46.75 

39-94 

33-44 

46.16 

32.71 

34-O0 

40.17 

45-23 

5 '-06 

57.22 

60.03 

59-54 

55-87 

46-75 

40.05 

33-57 

46.35 

32.67 

33-93 

3998 

44.53 

50.83 

56-84 

59-80 

59-33 

55-56 

46.66 

39.85 

33-37 

46,11 

3 

32.13 

33-45 

39-5' 

44,19 

50.22 

56.39 

59-52 

58.81 

55-13 

46.21 

39.29 

32-87 

45-66 

31-39 

32.71 

38.91 

43-32 

49-57 

55-75 

58.39 

58.10 

54-38 

45-5° 

38.70 

32.42 

4493 

5 

30- 85 

31-66 

37-69 

42.32 

48-55 

54-95 

57.42 

57.06 

53-41 

44.67 

38.1 1 

32.02 

44.06 

6 

30.56 

30.92 

36.31 

41,02 

47-27 

53-67 

56.25 

55-78 

52-11 

4392 

37,  So 

31-77 

43-11 

7 

30.22 

30-34 

35- 10 

39-51 

45-83 

55.06 

54-59 

50-94 

43.34 

37.51 

31-73 

42.20 

8 

30.20 

29.97 

34. 38 

38,27 

44,24 

50.58 

53.80 

53-4* 

50.09 

43-00 

37-44 

31.64 

41.42 

9 

30,02 

29.67 

33-96 

37-75 

43.02 

49,26 

52,70 

52-Si 

49-55 

42,66 

37-38 

31-51 

40.S5 

;? 

29.84 

29,66 

33-61 

36.95 

42.14 

48. 24 

51.98 

52-29 

49-17 

42.51 

37-" 

31-53 

40.42 

[40.08] 

Means2 

30.61 

30.58 

35-59 

39-59 

45.38 

51-37 

54.  ?6 

54,60 

50.99 

43-73 

37.7s 

31-94      42.24 
1 

'  Smiths  oiiia 

Coniri 

ulions  to  ICiowledge,  No.  1461  Washington,  1S62. 

2  The  tempe 

ratares  f 

or  tlie  S  hours,  ri  fo  3,  were  obtained  by  a  graphical  pn 

3Cess,  an 

d  the  a 

^ove  means  were 

taken  from  24  v 

alues. 

rhe  reclconing  being  in  old  style  and  easterly,  our  months 

jegin  an 

end  11 

days  earlier  than 

those  to  which 

lie  abov 

numbers  correspond.     The  original  record  is  giveii  in  Re 

umur-s 

scale,  it 

s  here  converted 

in  Fahrenheit's 

eale, 

ntcrpolated  values  for  4  and  5  A.  M.,  January,  1861,  —0° 

63  and  - 

-o°-53 

Reaumur), 
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TABLES   OF   MEAN   TEMPETIAT TIRES. 


Hour. 

Jau. 

Vch. 

Mar. 

Apt. 

May. 

June. 

J"iy. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Hourly  Means  of  Temperature. 

la 

landc 

£  St.  Helen 

opposite  Montreal.     Lat.  45° 

30'.      Long,  ■jf  33' 

W.  of  G.            1 

Alt. 

^ft,    i 

S.  McCord.     E 

rinted  Report,  Montreal,  1S42. 

Observatio 

as  at  the 

even  hours  frcni 

Aug.  1839,  to  July,  inclusive,  1840. 

add 

"      1840,  " 

.'          1841. 

Mdn't 

7°.oo 

I9''.S6 

26°.0O 

39°-75 

52-.06 

59°- 13 

66=.oo 

t^°if 

53°-8i 

45  ".48 

29°.03 

2i».;4 

40°.  1 6 

17-53 

12.91 

18.12 

3'-35 

46.48 

60.53 

62.35 

64.66 

52.61 

42.17 

31,60 

15.03 

37-94 

5-74 

.8.15 

24,22 

37-90 

49.66 

56.96 

63.22 

61.01 

53-36 

44-3" 

22.42 

38.81 

3 

17.66 

11.80 

17-32 

29.33 

44.82 

59-9S 

60.62 

63.70 

52-33 

41.09 

31!  [8 

14.12 

36.99 

4 

3-22 

17.4S 

22.75 

35.18 

49.66 

5^^2 

62.82 

60.06 

52.10 

43.47 

28. 5S 

22.04 

38.05 

5 

17.09 

10.57 

15.66 

27.93 

44.77 

58.78 

59.66 

63-25 

52.10 

40.25 

30.68 

13-62 

36.19 

6 

4-56 

16,94 

22.09 

36.71 

5S.83 

64.93 

60.41 

53-11 

43-48 

29.03 

22.10 

38.51 

16.98 

9-30 

15.43 

30.63 

47-77 

60.36 

64-38 

67-59 

54-06 

41.09 

30.7s 

13-S5 

37.6S 

5.00 

17.62 

38.83 

53.55 

63.50 

69-79 

63.61 

U 

45.79 

29.61 

22.50 

40.78 

9 

17.80 

'0.53 

19-54 

33-76 

50.83 

65.10 

67.20 

70.27 

43-93 

32.13 

14.77 

40.22 

8.31 

21.6s 

27-34 

43.06 

57.58 

^^■'3 

73-24 

68.14 

59.18 

49-30 

30.  So 

23-21 

43.94 

20.04 

14.69 

25.01 

36.95 

54-12 

68.50 

70.63 

73.30 

59.73 

47-43 

34-1' 

43.41 

Noon 

10.93 

24.34 

31-54 

47.28 

63-71 

69-55 

75.S5 

72,03 

63.13 

52-53 

32.26 

24-64 

47.32 

20.45 

19.32 

29.91 

39-40 

57." 

71.05 

73-5° 

76.30 

62.65 

50-11 

36.25 

18.29 

46.19 

13.17 

26.27 

33-80 

48.26 

65.37 

72.10 

77-75 

74.33 

64.30 

55.27 

32.76 

25.96 

49-03 

3 

2I.3Z 

20.60 

31-53 

40.  So 

57.79 

73.01 

75-43 

77-03 

64.18 

50.50 

35.98 

18.69 

47-15 

4 

11.98 

24.44 

33-27 

48,06 

64,96 

7I..3S 

77.90 

74-12 

64.40 

53.93 

32.91 

26.64 

48.66 

5 

1959 

18.64 

28.98 

40.10 

57.95 

71.26 

73.95 

75-16 

63-36 

47.85 

33-95 

17.35 

45.67 

6 

9.87 

22.34. 

30.74 

46.15 

60. 4S 

69.40 

75.79 

72,03 

60.50 

51.10 

31.43 

24.72 

46.21 

7 

19.56 

15.75 

24.90 

37.40 

54.83 

68.25 

70.30 

71.14 

58.15 

45-70 

33-20 

i5.6i 

42.98 

8 

21.43 

28.54 

4.3.08 

58.22 

65-4S 

71.06 

57.60 

48-56 

30-36 

23.40 

43-65 

9 

19.62 

15.48 

23.25 

34-03 

50.72 

63.50 

66.25 

56.21 

32-63 

16.62 

40.90 

7.93 

20.62 

27.61 

41.63 

54.74 

61.91 

67.75 

64.41 

55-3I' 

46^89 

29.21 

22.53 

41.71 

" 

18.35 

14.28 

20.82 

32.41 

48.91 

61-53 

64.03 

66.59 

54-51 

42.33 

31.28 

15-69 

39.22 

Ev.  h. 
1839-40 

!^ 

20.90 

27.55 

42.15 

56.66 

64.29 

70.50 

66.63 

57.69 

48-34 

30.39 

23.49 

43.07 

Oddh. 
1849-41 

jiS.83 

14.48 

22.54 

34.50 

51-34 

65.07 

67.35 

69-75 

57.22 

44.73 

32.81 

15,92 

41.21 

Semi 

HOURL 

■  Mea 

s  on 

EMPER 

ATURE. 

1 

hund 

Br  Baj 

Islat 

id,  La 

keHu 

ron,  ] 

meh. 

Lat.  4 

5°  2'.     Long.  83°  17 

W. of  G.          1 

t.  610 11 

.[and  4 

0  above 

LiikeH 

^on]. 

Observe 

■■IJ- 

Vlalden, 

Dec.  1863,  lo  Dec.  186 

S.     Rep 

ort. 

N 

.  and  N 

W.  La 

e  Surve 

y,  for  18 

67. 

Mdn't 

19.4 

21.4 

25.3 

34-5 

43.1 

54.3 

60.8 

62.9 

57.7 

430 

36,3 

24.6 

40.3 

030 

19.0 

21.5 

24.6 

34.0 

42.4 

53-9 

60.1 

62.6 

SS.o 

43.2 

36.6 

24.4 

40.0 

18.7 

24.3 

33-6 

42.1 

53-7 

59-7 

62.4 

57.8 

43-0 

36.4 

24.3 

39.8 

I  30 

18.3 

20!  8 

24.1 

33-4 

41.8 

53-3 

62.1 

57-7 

42.S 

36.3 

242 

39.5 

iS.o 

20.7 

23.3 

33.0 

41.5 

S3-0 

58^8 

61.8 

57-5 

42.6 

36.2 

24-1 

39.2 

2  30 

17.8 

20.5 

23-6 

32.8 

41.4 

52.7 

58.5 

61.7 

57-3 

42.5 

.36.1 

24.0 

39.1 

3 

17.7 

20.4 

23.  s 

32-7 

41.3 

52.S 

58.2 

61.5 

57-2 

42.  s 

36.0 

23.8 

38.9 

3  30 

17.7 

20.4 

23.6 

32.8 

41.2 

52. 7 

^8.2 

61.5 

57.1 

42.4 

36.0 

23.9 

3'^.9 

4 

17.8 

30.5 

23.7 

32.9 

41.3 

52,8 

58.3 

61.4 

S7-0 

42.4 

359 

24-0 

390 

4  30 

17.9 

20.5 

23.8 

33.0 

41.4 

S2.8 

58.4 

61.4 

56,8 

42.3 

35-9 

24-0 

39. w 

5 

18.0 

23-9 

33.1 

41.6 

53-2 

58.6 

6r.4 

56.8 

42.3 

35-9 

39-1 

5  30 

18. 1 

24-0 

33.4 

43.3 

53.7 

59.1 

61.6 

56.5 

42.4 

36.0 

24.2 

39.3 

6 

20.9 

33.8 

43.2 

54.6 

59-9 

61,9 

56.9 

42.5 

36.0 

24.3 

39.7 

630 

18.3 

24.6 

34-5 

43.9 

55.9 

61.1 

62.7 

57.3 

42.6 

36.0 

24-3 

40.1 

7 

18.3 

25.0 

35-4 

45  .o 

56.9 

62.7 

63.7 

57-8 

42.9 

36.0 

24.3 

40.8 

7  30 

'H 

25-5 

36.3 

46,0 

58.1 

63-4 

65.0 

58.6 

43.3 

36.1 

24.5 

41.4 

8 

18.8 

21.7 

26.5 

37.3 

46.9 

59.2 

64-5 

66.2 

43.7 

36.3 

42.1 

8  30 

19. 1 

27.4 

38.0 

47.6 

60.1 

65.5 

67.3 

44.3 

36.6 

24:1 

42.7 

9 

19.4 

22.7 

2S.0 

38.7 

48.2 

60.7 

66.5 

61.0 

45.0 

37.0 

25.0 

43.4 

9  30 

23.2 

28.9 

39.2 

48.  s 

61.S 

67.2 

68;s 

61.5 

45-7 

37-4 

25.3 

43-9 

20.4 

23-7 

29.6 

39.8 

49.0 

62.0 

67.9 

69.6 

62,3 

46.4 

37-9 

25.6 

44-5 

10  30 

24.4 

30.3 

40.3 

49.5 

62.5 

68.4 

70-5 

63.0 

47.1 

25.9 

45.' 

21,6 

31.3 

40.8 

49-8 

62.8 

68.9 

71.3 

63.6 

47-8 

38^7 

26.3 

45-7 

II  30 

22.2 

25.7 

31.3 

41.2 

50.1 

63-1 

69.3 

64,2 

48.4 

39.2 

26.7 

46.1 
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TABLES    OF   iM  E  A  X    T  K  M  P  E  R  A  T  U  li  E  S. 


Hour.        Jan. 

Feb. 

Mar, 

Apr. 

May.       June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Doc. 

Year. 

Thunder  Bay  Island.- 

-Coutinued. 

Noon 

32  =  .8 

26-2 

3i''-5 

4.., 

50° -5 

63'.5 

69°.7 

72°.6 

64^8 

49°.  1 

39°.6 

26°. 9 

46°.5 

030 

3 

26.7 

3'-9 

41 

7 

50-7 

64.2 

69,9 

73.' 

65.1 

49-6 

40.0 

27,1 

46.9 

23 

5 

27.0 

32.1 

41 

9 

50.9 

64,0 

69.8 

73.6 

65.4 

49-9 

40.4 

27.3 

47-1 

1  30 

23 

7 

27.4 

32,3 

42 

51.0 

64,0 

70.3 

73,8 

65.7 

50.3 

40,6 

27.4 

47-4 

23 

27.S 

32.5 

42 

51-2 

64,6 

70.5 

73,9 

65,9 

50.5 

40,8 

27,3 

47.6 

2  30 

23 

27.5 

32,3 

42 

51.2 

64,6 

70.6 

73,8 

65,9 

50.5 

40,9 

27,3 

47.5 

3 

23 

6 

27.4 

32.0 

5'-5 

64,5 

70.7 

73,4 

65,7 

50.2 

40,8 

27,1 

47,4 

3  30 

23 

27.0 

3',7 

4 

7 

51,6 

64,2 

70.5 

73,0 

65.2 

49.9 

40.4 

26,9 

47.1 

4 

5 

26.4 

3'-3 

41 

5 

51.5 

637 

70.3 

72,5 

647 

49.4 

39.8 

26.6 

46.7 

4  30 

3 

25-7 

30.8 

41 

51-1 

63.4 

69-7 

72,0 

64.3 

48.7 

39,5 

26.4 

46.2 

S 

? 

25-2 

30,1 

40 

6 

63,0 

69.1 

71,2 

63.6 

48.1 

26.2 

45-7 

5  30 

24.8 

29,5 

40 

49.9 

62,4 

68.4 

62.8 

Si 

26.1 

45-2 

6 

24.3 

29.0 

39 

5 

49.3 

61.3 

67.5 

63.1 

26.0 

«.6 

63° 

23.9 

28,3 

3S 

8 

48,5 

60.7 

66.8 

68.4 

61.5 

46.2 

38:3 

25,9 

44.0 

7 

7 

23-7 

27,7 

38 

47-7 

59,6 

66.0 

67.8 

60.S 

45-8 

38.1 

25,7 

43.5 

7  30 

6 

23.4 

27.2 

37 

6 

46.9 

58.9 

6S,I 

67.1 

fc,3 

45.4 

25.5 

43.0 

S 

S 

^3-3 

27.0 

37 

46.3 

58-1 

64,3 

66,5 
65,1 

59.8 

45-0 

37.9 

25-7 

42.6 

830 

4 

22.8 

26.7 

36 

8 

45-6 

57-4 

63,8 

595 

44-9 

37.7 

25,6 

42,2 

9 

3 

22.9 

26,5 

36 

4 

45.1 

56.9 

63.2 

65,2 

59.1 

44.4 

37.6 

25.4 

41,9 

9  30 

22.6 

26,3 

3^ 

44.6 

56,4 

62.8 

64,7 

58.8 

44,2 

37-5 

25-3 

41-6 

22.5 

26.2 

3 

.8 

44,2 

56.0 

62.2 

64.2 

58,7 

44,0 

37.4 

25.3 

41-3 

1030 

15 

26.0 

3 

-4 

43.9 

55-4 

62.0 

63.3 

58.4 

43.8 

37.2 

25.0 

41.0 

19 

6 

25-7 

3 

43-6 

55-1 

61.6 

63-4 

58,1 

43-5 

37,1 

25.2 

40.8 

II  30 

19.5 

21.8 

25.5 

3 

■9 

43.3 

54.7 

61,2 

62.S 

57.9 

43.2 

36,9 

24,8 

40.6 

Mean 

20.3 

^3-3 

27-5 

37-4 

46,5 

58.6 

64,*; 

66.9 

5o,6 

45.5 

37,7 

^^7 

,.s 

Hourly  Means 

OF  Temper.a,ture. 

Toro 

QtO,  C 

anada  West.*    Lat 

43"  3 

?'.    Long.  79°  23'  W 

ofG. 

All.  342  feet. 

C.pt,u 

li  Riddell,  Yoiuigliusbaii 

d,  andL 

efroy,  R.  A.      July,  1843 

tojuly,  184S, 

Mdn'ta 

4-23.80 

21.45 

27-33 

39.37 

47.88 

55-37 

59-45 

60.30 

53-63 

40,95 

34-42 

26.53 

40,87 

23-33 

21.07 

26.85 

33.62 

47.02 

54.68 

58.58 

59.65 

53.02 

40.3s 

34.13 

25,95 

40.27 

23.25 

20.73 

4"^! 

37-95 

53-98 

58.02 

58.97 

52.43 

40.03 

33-85 

25.58 

39,79 

3 

23.10 

20.30 

26.18 

37.75 

45-47 

53.20 

57,30 

58.30 

51.97 

39-87 

33.53 

25-45 

39.37 

4 

23.00 

20.00 

25.80 

37.32 

45,00 

52-63 

56,67 

57,92 

51.38 

39-57 

33,37 

25,42 

39,01 

5 

22.82 

19-65 

25-28 

36.95 

45-05 

52.82 

56,63 

57,73 

50.75 

39.40 

33.48 

25,40 

38,83 

6 

23- SS 

19.08 

25.00 

37,08 

47.50 

55,47 

59,83 

59,  iS 

51.43 

39.62 

33  75 

24,9s 

39-71 

7 

23.45 

18.95 

25.87 

39.37 

50.48 

58,28 

63.50 

62,15 

53-98 

40.37 

33-75 

24.82 

41,25 

8 

23,68 

19.97 

27,85 

41-62 

52.70 

60,62 

65. 10 

65.42 

56.73 

42.62 

34.S0 

25-25 

43.11 

9 

24.65 

22.27 

30.02 

43.60 

55,02 

62,50 

68-30 

67.92 

59.15 

45-30 

36.33 

26.43 

45,12 

25-S8 

24.28 

31-75 

45.12 

56.72 

64.17 

70.  DO 

69.90 

61.12 

47-23 

37,77 

27.S8 

46,82 

27.05 

25.87 

32.98 

46.50 

57.85 

65-45 

71,55 

71.35 

62,55 

48.60 

38,78 

29.12 

48.14 

Noon 

27.83 

27,07 

34.00 

47.53 

58.80 

66,55 

72.85 

72.30 

63-52 

49-50 

39-57 

29,93 

49-12 

28.33 

27,93 

34.65 

48.47 

59-72 

67,28 

73.77 

73-07 

64-12 

49,93 

39-97 

30.65 

49-82 

28.60 

38,33 

35.22 

4S-S5 

60.07 

67.70 

74,62 

73-65 

64.52 

50,28 

40.05 

30,80 

50.22 

3 

2S.S7 

28.32 

35-03 

48.92 

60.13 

68.08 

74-S2 

74.00 

64.55 

50.05 

39-88 

30,55 

50.24 

4 

28.05 

27.77 

34-55 

48.53 

60.08 

68.32 

74.83 

73.85 

6433 

49-32 

38,98 

29,90 

49-88 

5 

27.0 

26.57 

33.80 

47,80 

59-70 

67.72 

74,37 

73.30 

63-37 

47-57 

37.77 

28.95 

49,00 

6 

26.a_ 

25,12 

32,12 

46.00 

57.95 

66.42 

72.93 

71.40 

60.70 

45-52 

36.95 

28,25 

47.47 

7 

25-7C 

24,13 

30.65 

43-47 

S5.o8 

63.68 

69.45 

67-42 

58.00 

44.42 

36.38 

27.92 

45-52 

8 

25.3 

23,2s 

29.68 

41.88 

52.37 

60.38 

65-25 

64.50 

56.72 

43,68 

36.07 

27.53 

43-89 

9 

25. 1 

22.63 

28.68 

40.80 

50.62 

58.22 

62.S8 

62,92 

55.68 

42.93 

35-78 

27.28 

42, So 

24.8 

22.08 

40.03 

49.65 

56.88 

61.65 

61,90 

54,62 

42.17 

35.43 

26.98 

42.03 

" 

2^.4 

21-57 

27.38 

39.53 

48-73 

55.92 

60.47 

61, lO 

53.98 

41.50 

35.08 

26.87 

41,38 

Mean 

25.3 

23-27 

29.  So 

42,63 

52,91 

60.68 

65-99 

65.76 

57-59 

44.20 

36.24 

27.44 

44.32 

'  Phil.  Trans.,  Roy. 

Soc,  V 

1,  143,  1S53. 

9  Tlie  table  given  by 

Gen.  Sn 

11,  it  w.-. 

changed  lo  commence  \ 

itli  midnight,  for 

the  sake 

of  uniformity  with  the  c 

tlier  tab 

cs. 
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TABLES    01'^   MEA2^    T  E  M  I' E  II  A  T  U  K.  E  S. 


Hourly  Means  of  Temperature.                                                    | 

From  self-registering  ii! 

runient 

Lewis's  thermograph).                                                     1 

Mohawk,  N.Y.    Lat.  43"  oo'- 

Long.  75"  02'  W.  of  G.                                        1 

Ail.  435  fi- 

By  Dr. 

araes  Lewis.                                                                      | 

Tanuary 

Febkuaky.                            1              \ 

Hour, 

Mean 
of 

Mean  1 
of 

\ 

i6°o6 

1862 

.863 

1864 

1867 

186S 

1869 

7  years. 

,S6i 

1S62 

1863 

1864 

1867 

1S68 

6ye.rs.j 

Mdn't 

o°o8 

26!76 

23!iS 

I2?9i 

■stgs 

22,79 

I9!68 

24-03 

i8?8i 

19^63 

2S°46 

26?87 

ii%i 

2l!00 

16.93 

9,99 

26.65 

22.69 

12-43 

15-63 

22.39 

19-53 

22.85 

18.  iS 

18,98 

25,21 

26.07 

10:74 

20,34 

17.11 

9-49 

26.35 

22,44 

12.17 

15." 

19.23 
18.82 

22.57 

17.49 

18,75 

24,98 

25.91 

10.03 

19.96 

3 

16.93 

8.75 

26.06 

22.29 

11.57 

14.72 

21.43 

22.31 

16,90 

18,67 

24.66 

25.71 

9.40 

19.61 

4 

16,76 

8.16 

25.84 

11,06 

14.69 

20.88 

18.50 

22.08 

16.20 

18,61 

24.43 

25.84 

S.68 

'9.31 

5 

i6,6i 

7.81 

25.69 

2i:55 

10.74 

14-49 

20.36 

1S.24 

22,03 

16,66 

18.21 

24.20 

25.60 

8.01 

6 

16,58 

7.52 

25-54 

21,85 

'0.43 

14-46 

20.08 

18.07 

21.64 

16,45 

17.97 

23.89 

25.74 

7.27 

18:83 

^ 

16.50 

6.92 

25.39 

21.70 

10,34 

.4.46 

29-8S 

17.8S 

31.0S 

16,28 

17.53 

23.56 

25.22 

6.74 

18.40 

8 

'6-57 

6,77 

25-44 

21,45 

10.63 

14.42 

20.09 

17-92 

21.26 

16.8S 

18.03 

23.29 

25.58 

6.69 

18.62 

9 

17-36 

7.68 

26.62 

21.68 

11-55 

15.24 

20.56 

18.67 

22.87 

18.80 

19.59 

23.47 

26.77 

7.70 

19.87 

19.05 

zif 

28.62 

22,51 

13.04 

16.71 

21,67 

20.17 

26.30 

21,29 

21,52 

24.36 

27.94 

9. 88 

21.88 

2i.l6 

30-30 

23,72 

«4.63 

18.38 

23.47 

21.93 

27.S1 

23.29 

23.46 

25.68 

29.55 

12.55 

23.72 

22.40 

23.15 

31.68 

25.14 

16.14 

25.46 

23.42 

29-41 

25.50 

25-24 

26.73 

30.98 

15.14 

25-50 

2.,67 

24-04 

32.3S 

25-90 

17.2S 

21,40 

26.99 

24.38 

29.85 

26,51 

26,51 

28.15 

31-59 

»7.37 

26,66 

22.98 

24.62 

32.57 

26.93 

17-97 

21,82 

27.90 

24.97 

30.80 

26.53 

27-15 

28.92 

31-92 

19.14 

27,41 

3 

az-So 

25-13 

32.56 

27.3& 

18..9 

28.19 

25.09 

30.79 

26.57 

27-39 

29.20 

31.82 

20.27 

27,67 

4 

24-25 

31-73 

27-43 

17.72 

27.  So 

24.62 

30.13 

25.56 

27.04 

29.20 

31.21 

20.36 

27.2s 

S 

20.9s 

23-18 

30,46 

26.85 
26.18 

16.8 

20.16 

26.91 

23.62 

28.83 

24,07 

26.41 

28.66 

30-59 

19.57 

2636 

6 

19.0S 

21.99 

29.27 

16.07 

19.01 

25.88 

22.49 

27,09 

24.92 

27-95 

29,86 

18.44 

25.11 

7 

17-85 

21.50 

28-73 

25-37 

15-44 

18.21 

24,94 

21.72 

26.33 

21.34 

23.53 

27-32 

29.18 

17.04 

24.12 

8 

28.42 

24,79 

14.7 

17.50 

24.16 

21-15 

25.70 

20.51 

22.56 

26.64 

28,74 

15.89 

23-34 

9 

16.54 

20.56 

28.00 

24.30 

14.2c 

16.94 

23.60 

20.59 

25-03 

21.71 

26.16 

28,25 

15.09 

22.71 

.5.82 

20.45 

27.67 

33.S9 

13-7C 

16.49 

23.45 

24.53 

19:67 

20,91 

26.07 

27,62 

13,66 

22.08 

" 

15,66 

20.19 

27-15 

23-48 

13-3 

"6.35 

23-11 

19.90 

24.26 

19.69 

20.04 

25.48 

27.18 

12.33 

21.50 

Men.li 

18.47 

20.62 

2S.33 

23,96 

13.S 

17.30 

23-50 

20,87 

.,^ 

20.65 

2t.84 

25.99 

28,16 

13.05 

22,51 

MARCH. 

Hour. 

Mean 
of 

Mean 
of 

1861 

1862 

1863 

1864 

1867 

1868 

6  years. 

I86I 

1862 

1863 

1864 

1S67 

iS58 

6  yeai-s. 

Mdn't 

25.73 

27.53 

22  13 

30.59 

26.82 

27.85 

26.77 

38-63 

38.08 

43.36 

41.56 

39.04 

35.61 

39. 38 

I 

25-39 

26.46 

21:  iS 

29.60 

26.05 

26.11 

25.S0 

37-51 

36.SS 

41.83 

40.48 

37-99 

34.45 

38.  iS 

24.90 

26.28 

20.50 

29.14 

25-71 

25.51 

25-34 

36.92 

36.52 

40.93 

39.81 

37.63 

33.89 

37.62 

3 

24.24 

25-75 

28,55 

25-07 

25.06 

24,79 

36.43 

36.08 

40.36 

39-22 

37.16 

33-39 

37-11 

4 

23-77 

25.40 

19^38 

2S.03 

24.71 

24.67 

24-33 

35-96 

35-50 

39-85 

38.70 

36.74 

36.57 

s 

23.60 

24.78 

18,81 

27.59 

24.33 

24-35 

23-91 

35-96 

34.95 

39.22 

38.18 

36.82 

32.09 

36.20 

6 

23,33 

24.1 8 

1S.17 

27.30 

23.93 

24.10 

23-50 

35-97 

34-71 

38.50 

37.65 

36.96 

31-63 

35-90 

7 

23-55 

24.70 

17.97 

26.97 

23-79 

24-26 

23-54 

37.22 

35-30 

38.28 

37.89 

32,42 

36.44 

S 

2495 

26.54 

27,11 

25-22 

25.4a 

24.89 

40-50 

37-86 

39.50 

38,09 

39-43 

34.04 

38.23 

9 

27.25 

28.32 

22.65 

28.52 

27.07 

27.20 

26.S3 

43-50 

40.87 

41.46 

39-76 

41-01 

36.16 

40.46 

28.93 

30-52 

25.13 

30.54 

28.63 

29.39 

28.86 

45-89 

43-52 

43-75 

41-54 

4.2.61 

38.43 

42.62 

29.89 

32-43 

27.46 

32.21 

29-93 

31.65 

30.59 

47-75 

45.16 

45-91 

43-27 

44.37 

40.42 

44.48 

Noon 

31-07 

3398 

29.06 

33.69 

31.41 

33-73 

32.16 

49.11 

46,78 

47-98 

44.66 

46.14 

46.18 

31.99 

34-59 

30-24 

35-05 

32.34 

35-61 

33.30 

49.71 

47-85 

49.72 

46.11 

47.43 

44.21 

47.51 

32. 63 

35-33 

30.90 

35-99 

32-97 

36.98 

34.22 

50.26 

49.04 

51.22 

47-52 

48.44 

45.28 

48.63 

3 

32.68 

35-45 

31-30 

36.70 

33-14 

38- 10 

34.56 

49.88 

49.15 

52.62 

48.75 

49.54 

45.78 

49.29 

4 

32,64 

34.58 

31-31 

36.80 

33-19 

38.82 

34.56 

49-45 

48.76 

53-23 

49.26 

50.21 

46.80 

49.62 

32.  .6 

33.56 

30.61 

36.37 

32,62 

38-95 

34.05 

49-23 

48.12 

53-19 

48.74 

49.97 

46.62 

49-31 

30-73 

32-34 

29,23 

35-36 

3'-3i 

37-07 

32.67 

48,19 

47-18 

52.32 

4S.28 

48.38 

44.85 

48.20 

28,91 

30-94 

27-69 

34-17 

29.96 

34-82 

31-08 

46.09 

44.63 

50-74 

47.05 

45-85 

42.80 

46,19 

27.90 

30.20 

26.59 

33-3' 

29.01 

32.9s 

29.99 

43.55 

41.79 

48-70 

45.41 

43.65 

40.62 

43.95 

9 

27.49 

29.40 

2S-S3 

32.fc 

28. 29 

31.29 

41,82 

40.  oS 

47-18 

44.20 

41.83 

38-74 

42.31 

27,44 

28.78 

24.27 

31-99 

27.69 

29.86 

40-37 

39-46 

45-75 

43.21 

40.82 

37.45 

41.18 

" 

26,83 

28.39 

23,07 

31.32 

27.24 

28.88 

27:62 

39-39 

38.83 

42.28 

39.97 

36-42 

40.22 

Mean 

27.84 

29.62 

24,72 

3t.65 

28.36 

30^53 

2S.78 

42,90 

41.55 

45-42 

42.97 

42.50 

3S.63 

42.33 
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T  A  B  L  fi  S    OF   M  K  A  N    T  E  M  P  E  R  A  T  U  E,  E  S . 


M  ohaivk . — C  on  tinue  d . 

May. 

,.„.                [       1 

Hour. 

Mean 
of 

Mean 
of 

I86i 

4S.65 

1863 

1S64 

1867 

1868 

6yeav.. 

1S60 

1861 

1862 

1863     1867      1S6S 

6  jejirs 

Mdn't 

46.27 

S6°90 

58!23 

46?!  I 

5i°89 

51.34 

59-83 

58°97 

56^63 

~^ 

62,35 

6o?78 

6o!25 

45.I2 

47-70 

55.23 

56.77 

45.65 

50.92 

50.23 

58.86 

57.52 

55.46 

59.60 

60.23 

58.78 

S8,4i 

44.37 

46.76 

54-05 

55.93 

44.90 

50.03 

49-34 

57.89 

56. 76 

54.76 

58.70 

59.39 

57.68 

57.53 

3 

43.71 

45-77 

53.01 

55.20 

44.19 

49.12 

48.50 

57-06 

55-53 

54-38 

57.96 

58.99 

56.70 

56.77 

43.15 

44.86 

52.08 

54.55 

43.14 

48.31 

47-68 

56,26 

54-57 

53-77 

57.27 

58-58 

55.93 

56.06 

5 

43, 8S 

44-37 

51.19 

53.99 

42.96 

47.77 

47.19 

55.64 

54.16 

53-21 

56.67 

58-19 

55.60 

55.58 

6 

43.08 

44.67 

50.50 

53.62 

43.39 

47.86 

47.19 

56.4S 

54-98 

54-07 

56.29 

59.33 

56.21 

56.23 

7 

44.31 

48-OS 

50-94 

54-65 

44.83 

49.01 

48-63 

57.99 

57.55 

57.12 

56.90 

61.65 

57.96 

58,20 

S 

46.90 

52.60 

52.87 

55.52 

46.75 

51.00 

50-94 

60.69 

61.27 

61,00 

58.67 

64.73 

60,69 

61.17 

9 

49.67 

56.31 

55-62 

57-54 

4S-50 

53.81 

53.41 

63.11 

64,5s 

63.75 

67.89 

63.63 

63.98 

52.54 

59-19 

59-65 

54-59 

55-72 

65-77 

67.18 

66,13 

63:38 

66,21 

66,59 

54.44 

61.46 

61.88 

51.90 

56.67 

57.86 

67.72 

69.21 

68.49 

65-52 

73-23 

68,43 

68.77 

Noon 

56.09 

63.17 

63.07 

63.89 

53-5° 

58.20 

59.6s 

69.14 

70.61 

70.11 

67.50 

75-30 

70,76 

70.57 

56.53 

64.44 

64.94 

65.49 

54-99 

59.52 

60.99 

69.89 

71.63 

70.30 

69.18 

77.05 

72,77 

71,80 

57-37 

64-93 

66.84 

67.27 

55.78 

60.47 

62.11 

71.06 

73-39 

71,11 

70.95 

78,16 

74.56 

73.04 

3 

57.31 

65.08 

68.11 

68.35 

56-29 

60.69 

62.64 

71-81 

72.6? 

70-97 

72.13 

77.97 

76.02 

73.58 

4 

57.26 

64.66 

68.74 

68.S4 

56.36 

61.59 

52.91 

73.60 

70.40 

72,30 

78.31 

76.S2 

73.62 

5 

56.62 

64.09 

68.67 

68.56 

56.03 

61. 78 

62.62 

70.43 

71.78 

69-47 

72,15 

77.78 

76.63 

73.04 

6 

55.96 

62.27 

67.80 

67.66 

54.93 

61.23 

61.64 

68.65 

70.21 

68-44 

71.25 

76,66 

75.14 

71.72 

7 

53.74 

58-94 

66,15 

65-84 

52.95 

59.40 

59-50 

67-25 

67.80 

66.19 

69.63 

73,68 

72.17 

69.45 

8 

50.50 

54-46 

63.S0 

64.03 

50.86 

57.01 

56.78 

65-35 

64.71 

62.59 

67.83 

69,48 

68.96 

66.49 

9 

48.34 

51-97 

61.68 

62.08 

49.22 

55.75 

54.84 

63-39 

62.33 

60.30 

65-52 

66.43 

66.29 

64.04 

46.99 

50-93 

59,91 

60,62 

47.88 

54.19 

53.42 

62.03 

60,72 

59.40 

63.74 

64.92 

64-17 

" 

46.56 

49-79 

58.35 

59.42 

46.87 

53.00 

52.33 

60.88 

59.75 

57.64 

62,26 

63-45 

62-37 

61.06 

Mean 

49.99 

54.78 

59-56 

60.S1 

49.51 

54^70 

54.89 

63.70 

63.73 

63,2s 

64,06 

68,11 

65,64 

64.59 

July. 

August. 

IIoui-. 

Mean 
of 

Mesiii 
of 

1 

[ 

i860 

61.21 

1S61 
63.16 

iS6z 
62.41 

1863 

1867 

1868 

6  years. 

1S60 

■861 

1863 

1863 

1867 

1S6S 

6  years. 

Mdn't 

70.48 

63.01 

71.38 

65.27 

62.23 

61.64 

61.62 

67,96 

63-23 

64.48 

63.53 

62,3r 

61.54 

69-56 

62.0S 

64,30 

61,67 

61.93 

60,62 

67.53 

62.56 

63.45 

62.96 

59-50 

61. 6S 

60.54 

6S.90 

60.93 

68.64 

63.36 

61.07 

61.66 

59.86 

66.67 

61-59 

62.60 

62.24 

SS.7S 

61.06 

59.80 

68.40 

67.56 

62.59 

60,58 

60.71 

59.14 

65.94 

60,99 

61.97 

6i-55 

58.12 

60.46 

59.13 

67-89 

59.13 

66.66 

61,90 

59.97 

59-87 

5S-44 

65.44 

60,45 

61,51 

60.95 

5 

57.46 

60.04 

58.68 

67-44 

fdl 

66.05 

61.37 

59-64 

59.16 

58.01 

«5.o5 

59.81 

61,02 

60.45 

6 

S7.9S 

60.41 

59-21 

67.20 

66,12 

61.62 

59.70 

58.90 

57.98 

64.67 

59.69 

60,70 

60.27 

7 

59-84 

61.92 

61-74 

67-47 

63,28 

60.70 

59-99 

64.78 

61.39 

61,45 

61.37 

S 

62.4^ 

64.14 

64.81 

68-79 

64.41 

69.61 

65.70 

62.84 

62.24 

62.6s 

65.87 

64.49 

63,20 

63.55 

9 

65.24 

66.95 

67.40 

70.36 

67,50 

72.19 

68.27 

65.34 

65.00 

65.96 

67.56 

67.25 

65.13 

66.04 

68. 10 

69.63 

69,63 

71-90 

71.58 

It". 

70.99 

68.27 

67.75 

69.07 

69,61 

70.18 

67.38 

68.71 

70.23 

71-61 

71.51 

73.63 

72.91 

72.98 

70.70 

69.95 

71.67 

71.44 

72,77 

69.63 

71-03 

Noon 

71. Si 

73-06 

72.93 

74.  gs 

74.88 

80.77 

74.74 

72.82 

71.23 

73.93 

72.96 

74.94 

71.70 

72.93 

72.37 

73.79 

74.26 

76.47 

77.13 

82.63 

76.11 

73-97 

71-93 

75-55 

74-69 

76.88 

73.27 

74. 38 

72.30 

73-96 

74,89 

77.98 

79.05 

77.19 

74-34 

71.98 

75.76 

76-53 

78,24 

74.S0 

75.27 

3 

72.14 

7435 

75.20 

79-31 

80.74 

78.06 

74-50 

72.11 

76.02 

78-23 

79.04 

75.86 

75-96 

71.83 

74.07 

74.60 

79-98 

S..32 

8S.43 

78.37 

74.09 

72.10 

75.82 

78-78 

79.13 

76.78 

76.12 

71-61 

73-40 

74.47 

80,10 

81.59 

78.33 

73.20 

71.69 

75.02 

78-36 

78.55 

76.97 

75.63 

70.56 

72.27 

73.12 

79.29 

79,27 

87-68 

77.03 

71-75 

70,6^ 

73.64 

77-59 

76.63 

75.10 

74,40 

7 

68.70 

70.75 

70.99 

77.77 

75.42 

84.69 

74.72 

69-10 

68.58 

71.03 

76.01 

73.07 

73.40 

71.86 

8 

66,14 

68.20 

68.20 

75-92 

71.85 

80.60 

71.82 

66,49 

65.98 

6S.00 

73-77 

69.53 

70.83 

69.ro 

9 

64.27 

66.00 

65.99 

74.10 

68.34 

77-63 

69.39 

65.21 

64.41 

65.42 

71-83 

67.16 

68.47 

67,08 

64-75 

64,15 

72.56 

66.3. 

75.15 

67.65 

64.13 

63.20 

63.77 

70,19 

65.58 

■66.82 

65,61 

" 

62^ 

63.99 

63-25 

71.38 

64.60 

73-06 

66.39 

63.26 

62.45 

62.59 

69.01 

64.17 

65.51 

64-50 

Mcrrn 

65.26 

67.16 

67.03 

72^99 

69.20 

76.24 

69.64 

66.48 

65.63 

66.73 

70.85 

68.63 

68,04 

67-73 
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Seit^emi;er, 

Mean 
of 

OcroiiEU. 

M.iin 

Hour. 

i860 

i85i 

1862 

1863 

1867 

1868 

6ye.r. 

1S60 

1861 

1862 
46.74 

1S63 

1867 

I  £68 
40.65 

6  years. 

Mdii't 

S3°35 

56?87 

55°99 

56?5i 

54-63 

53-84 

55-20 

48^30 

48^45 

47-57 

44.94 

53.49 

56,09 

S5-89 

55-86 

54-52 

53-98 

54-97 

47-08 

48.09 

46-55 

47.22 

43-54 

39-96 

45.41 

53.90 

55-39 

55-19 

55-12 

53-79 

53-40 

54-30 

46-85 

47-34 

46.26 

46.75 

42.71 

39-49 

44.90 

3 

52.15 

54-9^ 

54.70 

54.33 

53' 10 

52-99 

53-71 

46.65 

46.82 

46.03 

46.24 

42.02 

44.48 

51-24 

54.46 

54.16 

53-65 

52.66 

52-51 

53-1' 

45-95 

46-50 

45.49 

45.  So 

41.57 

38!  6S 

44.00 

5 

50.36 

54.12 

53.86 

53-06 

52.04 

52.06 

52.58 

45-29 

46-34 

45.25 

45-42 

41.02 

38.46 

43-63 

6 

49.92 

53.84 

53-57 

52.54 

51.48 

51-81 

52.19 

44-77 

46,09 

44.99 

45.12 

40.61 

38.30 

43-31 

7 

50-25 

54-39 

54-5' 

53.22 

51-76 

52.01 

52-52 

44-55 

45.86 

44.S5 

44.86 

40.65 

38.19 

43-16 

8 

51.80 

56.04 

57-08 

52.99 

53-58 

53- '4 

54.10 

44.92 

46.52 

45.81 

45-05 

41.75 

38.86 

43-82 

9 

54-40 

58.40 

60. 16 

54.90 

56.10 

54-72 

56.45 

46.18 

48.60 

47.05 

46.19 

44-13 

40.21 

45-39 

57-03 

61.03 

63.09 

57-15 

59-14 

56-71 

59.03 

48.25 

50.98 

49.24 

47-98 

47.13 

42-05 

47- 60 

59-53 

63.01 

66.05 

59.48 

61.54 

58-54 

61.38 

50.22 

53.17 

51.33 

49-69 

50.37 

43-76 

49.74 

Noon 

61.58 

64-55 

68. 37 

61.66 

64-05 

60.11 

63-39 

52.02 

54.94 

53.15 

51-19 

52.53 

45.53 

51-56 
52-89 

63. 38 

65.49 

70.18 

63.62 

66.63 

61-65 

65.16 

53.  is 

56.05 

54-04 

52-50 

54-76 

46.82 

64.42 

65.86 

70.70 

65.53 

68-97 

62-50 

66-33 

53.84 

56.96 

54-26 

53-75 

56,20 

47.71 

53-79 

3 

64.11 

66.23 

71,19 

67.12 

70-56 

63.36 

67.0S 

54,16 

57.20 

53.87 

54-57 

56.97 

48.37 

54-19 

4 

63.78 

65-87 

70-73 

67.56 

71-11 

63.41 

67.08 

53.79 

56.48 

53.38 

54-58 

56.50 

48.19 

53-82 

5 

62.85 

65-25 

69.49 

67-22 

68.96 

62.48 

66-04 

52.70 

55.01 

52-25 

53-77 

54.97 

47. '3 

52.64 

6 

61.30 

63.60 

67.15 

65-79 

65-79 

61.09 

64.10 

51.31 

53-" 

50.81 

53-69 

52.20 

45.71 

50-97 

7 

58.62 

60.88 

64,0s 

63.75 

62.54 

59-29 

61.53 

49.48 

51.39 

49.37 

51-53 

50.20 

44.47 

49-41 

8 

5&-32 

59-38 

61.15 

61.65 

60.05 

57-69 

59.37 

48.45 

50-46 

48.34 

SO-49 

48.69 

43-43 

4S.31 

0 

55-11 

5S.51 

59-36 

59-96 

58.16 

56-41 

57.92 

47. 6S 

So.  00 

47-78 

49.58 

47.41 

42.53 

47-50 

54.54 

57-92 

57-94 

58-59 

56.73 

55-49 

56.87 

48.04 

50.40 

47-53 

48,84 

46.51 

41.S2 

47.19 

" 

53.S2 
56.51 

57.33 

56-83 

57-43 

55-75 

54-66 

55.97 

48-38 

49'37 

46-S5 

48.17 

45.74 

41.20 

46.62 

Mean 

59.57 

61,31 

5907 

59.32 

56,82 

58.77 

48-83 

50,67 

48,80 

49.15 

47.63 

42.53 

47-94 

NOVEHBEH. 

Mean 
of 

6  year.^. 

December, 

Mean 
of 

6  years. 

Hour. 

1860 

1 861 

1862 

1863 

1867 

1S6S 

i860 

1861 

1S62 

1863 

1867 

,s.s 

Mdu'i 

37-72 

35.02 

34-45 

39- » 7 

34. 38 

32-54 

35. 54 

aioo 

25-Si 

25.47 

23.32 

17.62 

19.87 

22.18 

38.53 

35.06 

34-69 

39.80 

34-80 

33-49 

36-05 

25-54 

25.80 

22,85 

16.70 

19.38 

21-95 

38.48 

34.65 

34-23 

39.26 

34-19 

33-11 

35.65 

25-06 

25.54 

22.51 

19.03 

21.60 

3 

38.27 

34.09 

33-74 

39,0s 

33-S2 

32-63 

35.27 

24-44 

25.41 

15-82 

18.57 

21-23 

4 

3S.2O 

33-74 

33-43 

38.78 

33-52 

32-34 

35.00 

24-10 

25.10 

21,97 

15-44 

18.30 

20.93 

5 

38-01 

33.32 

33-10 

38.53 

32-87 

33-31 

34.67 

20.67 

23-84 

24.95 

21.81 

15-.W 

18.23 

20.81 

6 

37.95 

32.94 

32.S8 

38.32 

32.28 

32.04 

34.40 

20.61 

23-57 

24.85 
24. 6S 

31.69 

14-97 

18.07 

30.63 

7 

37-59 

32.42 

32-24 

38.04 

32.15 

32-01 

34-07 

23-77 

21.59 

14-47 

17.96 

20-48 

S 

37-47 

32-52 

33.09 

37-93 

32.40 

32-12 

34.25 

19-93 

23.99 

24.93 

21-54 

14.34 

18..7 

20.50 

9 

37-89 

33.74 

34. 55 
36-38 

38.11 

33.73 

32-63 

20.90 

25.02 

26,08 

21.88 

15-38 

18.73 

21.33 

38.96 

35-74 

39-10 

35.27 

33-66 

36.53 

23.38 

27.09 
28-43 

22.56 

20.13 

22.63 

40.51 

37-52 

38.16 

40-18 

37-07 

34-66 

38-02 

23-97 

28.89 

23.75 

18-50 

21. 16 

24- r  I 

Noon 

41.70 

39-05 

39-42 

41.31 

38.33 

35-74 

39.26 

24.98 

30.65 

39-42 

35.08 

20.I7 

22-59 

25-48 

42.40 

40.11 

40.01 

42.20 

39.00 

36-54 

40.04 

25.52 

31.54 

30-31 

21.44 

23.52 

42-69 

40.46 

40,41 

42.70 

39-38 

26-93 

40.43 

25-36 

31.62 

30-35 

36!87 

22.19 

24,18 

26-76 

3 

42.72 

40.66 

40-54 

43.96 

39.3' 

37-17 

40.56 

24.96 

31-05 

30.30 

27,21 

22-35 

24.00 

26.65 

4 

43.07 

39-65 

40-24 

42.69 

38.72 

36.94 

40-05 

24-49 

29.66 

29.97 

26.87 

32.06 

235' 

5 

41.14 

38-14 

39-15 

42.24 

37.71 

36.3' 

39-11 

23.42 

27-98 

29.02 

26.44 

21.36 

22.69 

25-15 

6 

40.11 

37.02 

37-93 

41-4S 

37.02 

35-46 

38-17 

32.63 

27-10 

28.27 

35.87 

20-79 

21.81 

24.41 

7 

39.17 

36.20 

37.05 

40.83 

36.20 

34-76 

37-37 

22.28 

26-20 

27.63 

zs. 

20.44 

21-18 

23-84 

8 

3S.31 

35-77 

36.95 

35-75 

34.20 

36.91 

21.93 

25-73 

27.11 

19.69 

20.93 

23-38 

37-91 

35.19 

36.25 

39-96 

35.45 

33.71 

36-41 

21-57 

25-76 

26.42 

24.36 

19.22 

20,63 

23.99 

37-76 

35.01 

35-68 

39-58 

35-21 

33.40 

36-11 

21.19 

26.28 

26,00 

24.10 

IS.S7 

20,36 

22-78 

" 

37.76 

34.98 

35.01 

39-35 

35.03 

32-91 

35-84 

21,14 

35.97 

25-71 

33.79 

.S.4S 

20,04 

32.53 

Mean 

39.31 

35.96 

36,24 

40,  oS 

35-57 

34,06 

36,8s 

22,24 

26,69 

37-03 

23.94 

18,37 

20.54 

23.13 
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Mohawk.— Continued. 

N.  B.    Ill  the  following  means  the  iii-cccdiiig  niontlis  marked  fhu 

*,  are  omitted. 

Hou 

Mar. 

May. 

J"iy- 

Aug. 

Mar. 

May. 

July.       1       Aug. 

5  years. 

5  years. 

S  years. 

5  years. 

Hour. 

5  years. 

5  years. 

5  years.    ■    5  years. 

Mdn't 

26°  -6 

5i''-23 

62°.  26 

63°.  34 

Noon 

3i''.84 

59°.94 

72°, 60         73°. 18 

25.74 

50.09 

61.42 

62,86 

32.84 

6!,2S 

73.47 

-3' 

60.57 

62,17 

33.67 

62,43 

73.72 

75-37 

3 

^■74 

^^38 

59-87 

61.47 

3 

33.8s 

63,03 

73-90 

75.98 

4.26 

47-56 

59-24 

60,83 

4          ,      33.70 

63,17 

73-50 

75.98 

5 

.82 

47.08 

SS-73 

60.33 

5          i      33-06 

62.79 

73,16 

75.36 

6 

3-3S 

47-05 

59-19 

60.19 

6 

31.79 

61,72 

71.98 

74.06 

.40 

48.56 

61.17 

61.36 

30.33 

59.52 

70.15 

71.56 

S 

1.78 

50.93 

63-79 

63,62 

29.40 

56.73 

67,5. 

9 

S.76 

53-53 

66.53 

66,22 

9 

28.66 

54.65 

65.42 

66',Si 

3-75 

55.95 

69.12 

68,9s 

28.03 

53.27 

64.04 

65.37 

N.B. 

30-3S 

5S.10 

71.12 

71.31 

" 

27.37 

52.20 

63,11 

64.30 

Theobs 

Mean 

28.44 

54-93 

66.48 

67,66 

erver  remarks  that  the  indications  of  the  instrument  are  absolutely 

correct,  but  that  its  exposure  wns 

not  unexceptionable;  the  locality,  tliough  in  the  shade  and  on  the  north  side  of  the  house,  being  accessible  to  tlie  1 

infliieiic 

e  of  (he  suii  between  2^  or  3  P.  M„  and  sunset  or  to  within  half  an  hour 

previous  to  sunset.     In  1S65  the 

station 

vas  movable  to  avoid  this  influence,  in  1866-7  ''  ""^^  tolerably  free  from  disturbance,  in  the  winter  186S-9  a  1 

screen  v 

ras  erected  to  the  westward.     I  have  omitted  the  results  in  all  montlis  marked  *,  considering  the  indications 

affected  from  the  above  cause. 

[S.] 

„«„.j,.,.. 

Feb.         Mar. 

Apr.        May. 

June. 

July. 

Aug. 

s.,. 

Oct, 

Nov.         Dec. 

Year. 

Bl-HOURLY  MEANS  OF  TEMPERATURE. 

Cambridge,"  Mass.    Lat.  43°  23'.    Long.  71°  0 

'  W.  of  G. 

Alt.  about  71  ft.      Observer 

Oct.  1841,  to  Dec.  1842,  inclusive. 

o6„ 

27=.  92 

34°.  21 

33''.o2 

39''.4i 

46°.  93 

54°-65 

66'=.oo 

61  =.20 

49 '=.90 

39°.  66 

33°.  13 

290  22 

42°-94 

6 

27.31 

32-94 

31-79 

39.76 

45-6; 

52.68 

64-79 

60.3s 

48.49 

38.40 

32-77 

28.75 

41.97 

6 

26.97 

32.01 

31.48 

38.24 

45.06 

52 

60 

64-93 

59.50 

48-17 

37.90 

32.41 

28,66 

41-49 

i 

6 

25-71 

32.15 

30-59 

38-93 

49.61 

59 

74 

68. 24 

47-81 

37-75 

32-27 

28.24 

42.76 

6 

23.90 

32-54 

37.09 

43.31 

57.04 

65 

09 

73-56 

68^00 

56.44 

43.15 

35-37 

29,4s 

47-08 

6 

29.30 

36.42 

42.41 

46.5s 

60,52 

68 

95 

78.4S 

71.95 

63-45 

51-33 

41.51 

33.85 

52.06 

6„ 

33-24 

40.40 

45.04 

48.22 

63.08 

71 

18 

79.03 

72.72 

66.10 

S5-07 

43.66 

36.57 

54-53 

6 

33-27 

40.99 

44-51 

48.52 

63.98 

71 

49 

78,49 

73.or 

66.04 

55.91 

43.69 

36.33 

54.69 

6 

31.76 

38.87 

42.11 

47.01 

62.51 

69 

33 

76.64 

71.79 

63.28 

52.28 

40.58 

52.46 

6 

6 

29.55 

35.13 

37.77 

44-31 

58-13 

66 

54 

72.45 

68.39 

58.09 

45-59 

37.62 

48,77 

8 

6 

2S.S2 

34-58 

35-24 

41.07 

52.40 

59 

60 

68.80 

64.40 

53-82 

42-52 

35-67 

30.58 

45.62 

io6 

28.13 

34-57 

33-85 

40.21 

49.40 

56  OS 

67.«> 

62.S6 

51-30 

40.82 

34.57 

29.61 

44.03 

Mean 

28.82 

35-40 

37.C7 

42.96 

54.53 

62,33 

71-53 

66,36 

56.07 

45.03 

35-94     31.35 

47-37 

No.  off 

days  ! 
It  is 

'3 

lo 

'5 

10     .     ir     ,     11 

15 

0           23      1 

apparent  that  tl 

e  small  number  of  observations  is  the  principal  cause  of  c 

rlaiii  anom 

alies  presented  in  the 

above  n 

cans. 

1 

Tcm 

,„ 

Am.  A 

ad.,  vo! 

3l=0 

Trai 

s.  Conn 

Acad, 

of  Arts  a 

nd  Sci,, 

vo 

i,  1 

,„., 

^ 

66. 
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Hour. 

Jau. 

Feb. 

Mar. 

Apr. 

May. 

J«ne. 

Juiy. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee, 

Yecir. 

Hourly  Means  of  Temperature. 

Amherst,  Mass.    Lat.  42° 

22'.     Long. 

2°  34'  W.  of  G.                                1 

Ait. 

267  feet 

Prof, 

E.  S.  Sllell,      1839, 

J 

Mdli't 

+2o-,44 

25°.87 

29°.  96 

43=.62 

52=.I7 

56M2 

66°.30 

62°. 92 

54=.46 

46°.37 

32^-40 

27-°30 

43  ".24 

19.04 

25.79 

30.08 

43.31 

51.41 

54-96 

65.22 

62.30 

54.44 

45.59 
44-81 

32.46 

27-65 

42.61 

18.70 

2554 

30.00 

41-85 

50.44 

54.32 

64.78 

61,7s 

53-68 

31-S1 

27-08 

42.07 

3 

iS.Si 

2537 

39.46 

41.12 

49.51 

53.6S 

64-33 

61.41 

52.88 

44.00 

31-3' 

26.73 

41.55 

4 

18.44 

34-63 

29.13 

40.69 

49.04 

53.56 

64.19 

61-15 

52.24 

43.37 

31.08 

26,58 

41-17 

5 

3  8.22 

24-37 

28.77 

40.42 

48,74 

53-80 

64.07 

60.78 

51.92 

42.74 

30.77 

25,96 

40.88 

g 

23.79 

28,69 

40.77 

50-15 

55.64 

65.59 

61.63 

52.36 

42.81 

30,46 

25.50 

41.30 

7 

23-79 

30.19 

42.57 

52.70 

57.40 

67.81 

62,96 

54-48 

43.59 

30-52 

25.31 

42.47 

8 

19.11 

24-79 

32.73 

45.50 

55.30 

60.20 

70,53 

65.48 

57-28 

46-15 

32,12 

25.15 

44.53 

9 

21.4S 

27.12 

35-27 

48,46 

57-52 

63.48- 

72.48 

68.37 

60.36 

49-63 

34,46 

26.88 

47.04 

24.26 

29.42 

37-38 

51.23 

60.04 

64.72 

75-41 

70,48 

63,12 

52.70 

36,33 

29.83 

49-57 

27.04 

31.29 

39.58 

54.19 

62-04 

67.28 

78,04 

72-89 

65-84 

55.48 

37-81 

32-04 

51.96 

Noon 

29.26 

3^.83 

41.19 

56-46 

63.67 

69.68 

80.  It 

74.30 

67.96 

57.52 

39.81 

33-58 

53.86 

30.40 

3392 

42.46 

53.00 

65.07 

70.96 

80,44 

75-67 

68.92 

58.70 

40,92 

35-42 

55.07 

30.74 

34-63 

43.15 

5S.96 

65.67 

70.60 

81,11 

75-30 

69.60 

59.74 

40.77 

35-58 

55-49 

3 

30.26 

34-37 

42.92 

58-35 

65.19 

70.20 

79-" 

75- n 

69,00 

59.70 

40.08 

34-88 

54-93 

28. 74 

33-46 

42.04 

57.15 

64.78 

69.44 

78.7s 

73-67 

68.20 

58.70 

38,65 

33.04 

53.89 

5 

26.26 

31.67 

40.46 

55-58 

62.89 

67.60 

77-44 

72.70 

66.24 

56,  H 

37.0S 

31-31 

52-11 

6 

25.00 

29.75 

3S.27 

53.04 

61.00 

65.80 

75 -78 

70-26 

63-32 

53-96 

35.65 

29.96 

50-15 

7 

22.70 

29.63 

34.64 

50.23 

59-30 

63-52 

73- IS 

68.88 

61.27 

51-70 

35-44 

29.59 

48-34 

8 

ZJ.30 

29.00 

33-88 

48,37 

S7-ri 

61.56 

70,63 

67-11 

59.69 

50.33 

34.72 

39.08 

46-97 

9 

21.44 

28.29 

32.92 

46.77 

55-26 

59.64 

68.56 

65 -85 

57.81 

49-30 

34.00 

28.59 

45-70 

20.93 

28.00 

31.52 

45.23 

54.19 

58.40 

67.  S2 

64-42 

56.27 

48.56 

33-64 

28.08 

44-75 

ir 

20.52 

27-3S 

30-52 

44-31 

52-93 

57-40 

67-37 

63.65 

55- '9 

47,23 

32.S4 

27,70 

43-92 

Mean 

32,94 

28.57 

34-80 

48.54 

56.92 

61,62 

71.63 

67,45 

59-85 

50.36 

34.79 

29.38 

47.23 

D 

ERIVED 

Hour 

lyMe^i 

NS  OF 

TEMrE 

^.\TURE. 

NeTS 

rHav 

en,'C 

inn. 

Lat.  4 

"  18'. 

Long 

72°  56'  W.  0 

f  G. 

Approx. 

Ait.  45 

feet.     V 

arious  of 

servers. 

1778 1 

D  1S65  inclusive. 

Mdn't 

24.26 

25.34 

33.28 

42.19 

51.88 

61.15 

66.46 

65-5; 

57-71 

47,02 

37-6S 

28,35 

44.98 

23.91 

24,77 

3'.77 

60.03 

65-49 

64.75 

56,87 

46.26 

37.14' 

27-93 

«.28 

23-53 

24-31 

31-24 

40,74 

5S.QI 

64.69 

64,03 

56.  iS 

45.62 

36,64 

27,60 

43-63 

3 

23.19 

23.80 

30.72 

40.10 

49-31 

58.25 

64.11 

63.56 

55-70 

45-05 

36,22 

27-25 

43.10 

4 

22.83 

23.32 

30.28 

39.52 

48.78 

58.10 

63.97 

63.16 

55.27 

44.59 

35.83 

26.93 

42-71 

5 

22.46 

22.95 

29-9' 

39-3' 

48,90 

58.79 

64-27 

63,22 

55-15 

44-29 

35-52 

26.64 

42.62 

6 

22.19 

39-69 

60,83 

65.51 

63.96 

55-66 

44-4S 

35-52 

2645 

43.15 

7 

22.15 

23.01 

31-18 

41.57 

53^65 

63-79 

67,98 

66.21 

57.75 

45.83 

35.i4 

26.46 

44-62 

8 

23.71 

34.42 

33-79 

44-80 

56.77 

66.99 

68.98 

50-78 

48-81 

37-34 

27.21 

46.95 

9 

25.20 

30-55 

47-96 

59-42 

69.64 

73.30 

7'. 54 

63-75 

51-68 

39-86 

29.41 

49.66 

28.12 

30.59 

39.33 

50-71 

61.49 

71.69 

75-45 

73-71 

66.28 

54.63 

42-56 

32,05 

52.32 

" 

30.16 

32.34 

40.95 

52.33 

63-05 

73-04 

77.23 

75.60 

68.15 

56.75 

44.51 

33.91 

S4.00 

1  Tr 

ansactions  of  the 

Connecti 

cntAca 

emy  of 

Arts  and 

Scienc 

■s.    Vol 

I,  Part.  I.     Ne<l 

fc  Haven,  1866.    Art,  v. 

ByE. 

.oomis  and  H.  A 

Newton 

Tlie 

lumbei-s  of  thfe  tal 

le;  are  -. 

lerivcd  i 

part  frt 

m  3  obs 

ri-atioas 

a  da.y,  d 

iirmg86yenrs,aii 

d  in  part  from  5  observa- 

tloiiB  a 

day,  during  9  year 

.  with  t 

e  assists 

nee  oft 

ekwo 

the  din 

nal  fine 

itaUon  as  fonnd  a 

:  Piiiladelpbia,  Amlierst, 

nbvidge. 
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TABLES   OP  MEAN   TEMPERATURES. 


Hour. 

Jan. 

Feb. 

Mar. 

April. 

Miiy.       June. 

July. 

Aug, 

Sept. 

Gd. 

Nov, 

Dec. 

Year. 

New  Haven.— Continued. 

Noon 

2i°-n 

33°-67 

43°,23 

53''-62 

64".  26 

74''.o8 

78°,37 

76''.82 

69°-39 

SS'.os 

45^-95 

35°-47 

55°.3o 

32.60 

34-70 

43. '2 

54.58 

65.21 

74-89 

79-12 

77-62 

70.17 

58,85 
59-18 

46-69 

36-27 

56. '5 

32.87 

35.06 

43.50 

55-16 

65-79 

75-28 

79-47 

78.01 

70.54 

46,89 

36-54 

56-53 

3 

32-41 

34-87 

43-43 

55-19 

65.81 

75.21 

79-37 

77.94 

70.39 

58,81 

46.51 

35-95 

56,32 

4 

3'-26 

33-S9 

42.69 

54.67 

65-30 

74-59 

78.85 

77.38 

69.65 

57.70 

44-95 

34-44 

55-45 

5 

29.37 

31.92 

40.  S3 

53-44 

64-07 

73-44 

77-79 

76.21 

68,30 

55-57 

43-20 

32-5' 

53-89 

6 

27.92 

30.12 

38.63 

50.S9 

62.00 

71.27 

7584 

74.26 

66,47 

53-86 

4.-88 

3142 

52-05 

7 

26.S4 

2S.73 

36.97 

48.31 

58-93 

69-12 

73-69 

72.24 

64.38 

52.28 

40.82 

30-63 

50-24 

8 

26.04 

27.67 

35-52 

46-23 

56.66 

66.88 

71.77 

70,31 

62,42 

50,88 

39-95 

2993 

48-69 

9 

25.42 

26.  as 

34.43 

55-05 

65.14 

68.67 

60.81 

49,64 

39.25 

29.38 

47.46 

24.  gS 

26.27 

33-^9 

43.87 

53.81 

63,68 

68^78 

67.53 

59.65 

48,68 

38.73 

28,96 

46.55 

" 

24-58 

25-73 

33.04 

43-04 

52.83 

62.36 

67.55 

66.46 

58.63 

47,82 

38,20 

28.60 

45-74 

Mean 

26-53 

28.11 

36.09 

46.84 

57.28 

66,96 

71.66 

70.32 

62.50 

^.0 

40.33 

30,42 

49,01 

He 

URLY  Means  isetwe 

N  4  A.  M.    AN 

D    loP 

M. 

Brook 

lynH 

eights 

,'  N.  y.     Lat.  40°  41'.     Long.  73°  59'  W.  of  G 

Alt 

.  .     E. 

Mevriam.     Dec 

1847,  to  May,  1 

849,  inc 

udvo. 

Mdii't 

.. 

3 
4 

27.7 

245 

3'-9 

42,9 

53.8 

62,8 

67.6 

67V2 

56.9 

48,5 

36.6 

-a 

36,8 

46,4 

5 

27-5 

24.4 

32.4 

43-2 

53.8 

63,3 

67,6 

67.2 

56,8 

50,0 

36,6 

36,8 

46.6 

27-5 

24.5 

32-4 

43-3 

54.5 

64.4 

67.6 

67.6 

57- • 

51-3 

37,2 

37,0 

47.0 

7- 

27-5 

24.5 

33.1 

44-9 

56.7 

67.7 

68,3 

68.5 

58.0 

51-3 

37,0 

37-2 

47-9 

S 

27-8 

25.5 

3A.9 

48.5 

SS.8 

70.7 

69,6 

69-9 

59.3 

52-s 

38.4 

37.3 

49-4 

9 

2S.8 

27-5 

36.8 

50.4 

60.3 

72.9 

71,0 

71.8 

6.-3 

54.6 

40,2 

38.2 

51-1 

30-3 

29-5 

39- r 

52,1 

62.2 

73.9 

72,1 

74.0 

63-8 

56-2 

42,2 

39.5 

52,9 

30.S 

41. 1 

54.2 

64.3 

75-7 

73-8 

75-5 

66,5 

57-8 

43-8 

40.8 

54.7 

Noon 

33-1 

32.0 

42.0 

55-8 

65-7 

77.1 

74.7 

77.1 

67-3 

58,9 

44.6 

41,8 

55.8 

33-7 

Z^-9 

42.7 

56.9 

65.9 

77-7 

75.6 

78.0 

67.3 

S9-4 

45-4 

42.'3 

56.5 

34-0 

33-0 

43-5 

57.2 

65.9 

78.0 

75-6 

76.7 

67,2 

59-9 

45-6 

42.6 

56.6 

3 

33-5 

32-9 

43-6 

56.9 

65.2 

77-9 

75-7 

76.6 

67,0 

59-6 

4S-4 

42.3 

56.4 

33-0 

42-5 

55.3 

647 

77-0 

75-6 

75.7 

66,2 

58.5 

44.1 

41,5 

SS-5 

5 

31-9 

31I 

41.3 

53-7 

63.5 

75-3 

74-8 

74.8 

65.1 

57-1 

41.8 

40.6 

54-3 

6 

31.2 

30-3 

39-7 

51.8 

61.9 

73.4 

73-5 

73.5 

63.8 

56,3 

41.0 

39-8 

53-0 

7 

30.7 

29.6 

38.6 

50,0 

60.3 

71-5 

72-3 

72.7 

62.8 

55-0 

40.2 

39.2 

5'-9 

30- 1 

29.1 

37-8 

48.7 

59-2 

69.6 

71-5 

71.6 

61.9 

S3.9 

39-9 

38,9 

51,0 

9 

29.8 

28.5 

37.3 

47.7 

58.3 

68. 5 

70,6 

70,8 

61, 1 

53-5 

39-6 

38.3 

50.3 

29-S 

28,. 

35.9 

46.0 

57-S 

66,0 

70.0 

70.0 

60,3 

53- « 

39-6 

37.8 

49.5 

Some  of  thest 

OW 

tions  do 

not  appf 

ar  to  me  altogetl 

er  trustworthy. 

[S,] 

By  graphical 

nterpol 

iCion  the 

followin 

;  quite  reliable  11 

umbers  were  fou 

ndtosu 

ply  the  missing 

feervati 

ns:- 

tl 

29.1 

37.5 

34-3 

45.0 

56.6 

64.5 

69.2 

69.4 

59.5 

52.0 

38,9 

37.5 

48.6 

Mdn't 

28.8 

26.8 

33-3 

55-8 

63-6 

6S.8 

68.7 

58,8 

51.0 

38,4 

37.2 

47-9 

26.2 

32-7 

43-6 

55-1 

63.0 

68.4 

68.1 

58.2 

50.1 

37-8 

37,0 

47-4 

25-5 

32-3 

43-2 

54-5 

62,8 

68.0 

67,6 

57.6 

49,3 

37,3 

36,9 

46-9 

3 

27,9 

24.9 

J  32- 1 

54-1 

62,7 

67.8 

67.3 

57-2 

48,9 

36.8 

36.8 

46-6 

Mean 

30,1 

2S,4 

37-' 

49.1 

59-5 

70,0 

71.2 

71.7 

61,7 

54. 1 

40,4 

38.9 

51,0 

1  MS.  in  Sm 

tlisoniaii  Coll. 
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TABLES   OF   MEAN   TEMPERATURES. 


Hour. 

Jan.         Feb. 

Mar. 

Apr. 

May.   1  June.       July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Hourly  Means  of  Temperature. 

Philadelphia,  G-irard  College,'  Penn.     Lat.  39°  58'.     Long.  75°  10'  W.  of  G 

All.  114  feet.     A.  D.  Bache.     June,  1840,  to  June,  1845,  inclusive. 

Mdii't 

30".  90 

30°.  10 

39°- 25 

46°.  60 

54°.  16 

63°-53 

68''.o6 

67°.  68 

59''-76 

47''-74 

38°.46 

3i''-i4 

48MI 

30-35 

29.67 

38.60 

45-76 

53.54 

62.82 

67,32 

67.08 

59-50 

47-36 

38-32 

30.72 

47-59 

30.20 

29.28 

3S.05 

96 

52-g2 

62,25 

66.76 

66 

60 

59.10 

46.78 

37-94 

30-36 

47.09 

3 

29.92 

2S.73 

37-75 

,44 

60 

52.14 

61,60 

66.26 

66 

58.64 

46.36 

37.66 

30.06 

46.68 

4 

29.72 

28.45 

37.58 

44 

iS 

Si-48 

61-13 

65.82 

65 

58-32 

45-88 

37.18 

29.78 

46.28 

5 

29.50 

36.78 

44 

08 

51.60 

61.60 

66.04 

65 

^f 

58.10 

45.46 

36.90 

29-46 

46.12 

6 

29.22 

27-95 

36-77 

44 

54 

53.04 

63-03 

67.10 

66 

36 

58.  oS 

36.64 

29.22 

46.42 

7 

29.10 

28. 08 

37-42 

46 

08 

55-16 

65-45 

69.40 

68 

59-94 

46.50 

36.96 

29.52 

47-65 

8 

29.52 

29-63 

39-40 

48 

57-44 

67.85 

71.66 

70 

48 

62.40 

48.96 

3S.20 

49.47 

9 

30.80 

3I-S5 

41.40 

50 

59-64 

69-78 

73.62 

72 

40 

64-54 

51-38 

40.10 

31.40 

51-39 

32.33 

33-60 

43.25 

52 

71.45 

75.24 

74 

66.62 

53-54 

41. 82 

32.94 

53-19 

33-65 

35-32 

45-27 

53 

86 

62,70 

72.95 

76.74 

75 

86 

68.30 

55-20 

43-28 

34-46 

54.80 

Noon 

34.88 

36.70 

46.75 

55 

46 

63,86 

74-35 

77.96 

77 

16 

69.64 

56-70 

4i.48 

35-54 

56-.2 

3S.87 

37-83 

47.80 

56 

70 

64.90 

75-37 

7S,So 

77 

94 

70.56 

57-76 

45-46 

36.28 

57.10 

3&.53 

38-47 

48.55 

57 

68 

65.80 

76.25 

79-54 

78 

84 

71-38 

S.54 

46.14 

36,88 

57.88 

3 

36.60 

3S.73 

49.10 

57 

94 

66.26 

76-54 

79-82 

79 

08 

71-48 

58.46 

45-88 

36-66 

58.04 

4 

36.37 

38.50 

49.00 

58 

66.46 

76.67 

79.76 

78 

98 

71-40 

58.20 

45-40 

36,28 

57-92 

5 

35-05 

37-35 

47-85 

57 

14 

65.00 

75.77 

79.10 

77 

94 

56-34 

43-88 

35.06 

56.79 

6 

34-23 

35.70 

45-98 

55 

74 

64.44 

74-43 

77-76 

76 

52 

67!8o 

54.14 

42-54 

34.36 

55-30 

33-42 

34-50 

44-85 

53 

61.86 

71-93 

75.62 

74 

65.60 

52.48 

41.50 

33-62 

53-57 

32-75 

33-23 

43-ao 

51 

08 

59.22 

6S.93 

73-04 

63-36 

51.00 

40.66 

33-00 

5 1-83 

9 

32-17 

32.47 

41-35 

4? 

70 

57-64 

67.28 

71.32 

70 

60 

62.12 

49-98 

40.00 

32.60 

50.60 

31-58 

31-68 

48 

46 

56.28 

65.93 

70.04 

69 

46 

60.92 

48.82 

39-50 

32.16 

49.65 

" 

31-12 

31.10 

40. 28 

47.40 

55.06 

64-63 

69,08 
72-74 

68,64 

60,34 

64,08 

48,06 

39.02 
40.75 

31.70 

48.86 
51.60 

Mean 

32-3Z 

32-79 

42.41 

50.56 

58.S6 

68.81 

51-28 

32-63 

No  of 

I    -f 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

Hourly  Means  between  3  A.  M.  and  9  P.  M. 

Jackson,  Jackson  Co.,  Ohio."    Lat.  39°  02'.     Long.  82°  32'  W.  of 

G. 

Alt.  703  reel.     G.  L.  Crootham.     May,  1851,  to  June,  1852,  inclusive. 

Mciii't 
3 

20,9 

3i'-'5 

37-^5 

52.2 

57-8 

64.5 

6i',i 

54-9 

36.1 

23.2 

43-9 
43-5 

4 

20.5 

31.3 

37-3 

Si-8 

56- 5 

61.5 

60.S 

54-2 

40.0 

35.7 

23.0 

42.7 

5 

20.4 

30.8 

36.9 

40.4 

52.3 

S6.S 

61.7 

60.5 

53-7 

39.4 

35.1 

22,5 

42.5 

6 

20.3 

30-3 

37-3 

41.1 

54-3 

59-3 

63-7 

62.0 

54.2 

39.3 

34-4 

22,4 

43.2 

7 

Td 

30.9 

38.7 

44.0 

5S.4 

63-9 

68.0 

65,6 

57.2 

40.0 

34-3 

23.0 

45-3 

8 

33-1 

42-4 

47-2 

63.3 

68,5 

73.9 

70.1 

63-5 

45-9 

35-3 

23,8 

49.0 

9 

24.7 

35-3 

46.0 

50.2 

66,9 

72.1 

77.0 

73-6 

68.9 

52-5 

38.S 

26.9 

52.7 

28.3 

37-9 

48.1 

53-1 

70,0 

74-9 

80.0 

76.2 

72.9 

56-9 

41.8 

29-7 

55.8 

" 

30-7 

40-3 

50.2 

55-0 

71,8 

77.1 

83.0 

79-1 

75-9 

60.5 

44.2 

31-7 

58,3 

'  The  observatimis  beUveen  June,  1840,  and  Dec.  1841,  inclusive,  were  taken  bi-honrly,  and  tho 

e  betwe 

en  June, 

1840,  and  Feb.  1841,  inclusive,  25  minutes  after  the  fuH  hours;  Ujose  between  March,  1S41,  and  Dec 

1841,1 

15  minutes  after  tliefulUioiUB.     Ey  i«;s/-/^/3i^0B  the  results  were  £<6o».firf  to  refer  to  the  full  hours  ox 

d  for  ev 

ry  hour. 

The  means  for  each  hour  for  the  whole  period  of  observations  were  then  combined  separately  for  eac, 

1  month 

Til  ere 

is  no  record  for  Jan.,  Feb.,  and  March,  1843.     For  record  see  "Observations  at  tlie  magnetical  an 

d  meteo 

ological 

Obsetvatoiy."    Washington,  D.  C,  1847,  ^<>«^  volumes. 

s  MS.  in  Sm.  Coll. 

The  record  begins  with  Jan.  1851,  but  is  not  sufficiently  regular  for  use  till  May,  1851.     Wtmibe 

s  interp 

akted  at 

Ihe  following  lioiu^:  3  A.  M.  May,  1851 ;  9  A.  M.,  3  P.  M.,  and  9  P.  M.  May,  June,  July,  1851.     T 

he  annu 

d  means 

for  10,  II  P.  M.,  0,  T,  and  2  A.  M.  are  graphically  interpolated. 

There  arc  many  omissions  hi  the  record.     Some  scattering  observations  between  the  hour';  10  P 
cannot  be  utilized. 

M.  and 

3  A,  M. 
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TABLT5S    OF   MEAN    T  E  M  P  E  E  A  T  U  R  U  S. 


Hour. 

Jan. 

Feb. 

Mar. 

Apr.        May. 

June. 

July. 

Aug. 

Sept. 

OcL    '    Nov. 

Dec, 

Ycnr. 

Jackson. — Contiiiued.                                                                   | 

Noon 

32''-4 

42°.o 

5'°-7 

^6°.4 

74''.o 

78°.  3 

8^°,o 

So=.8 

78=.  6 

62°.5 

45°.9 

33°-6 

60°.  I 

43- » 

57-7 

74-9 

63  0 

61. 1 

■;3.s 

79.8 

61.4 

3 

32-4 

42.9 

13-0 

^a.9 

75 

78.0 

83.3 

61 

7 

47.0 

35-2 

42.0 

'/■•, 

7 

62 

46.0 

5 

ig.o 

39-5 

51.2 

W.4 

72 

75.4 

78 

7 

7b.+ 

58 

43-1 

31.9 

57-8 

6 

27.0 

47-1 

9 

75 

70.3 

S2 

-1 

40.4 

54.3 

7 

25.6 

34-1 

49-7 

4 

73-1 

bo 

41 

■> 

39-8 

51.0 

8 

41.7 

46.9 

be 

9 

64-1 

6Q.4 

6n 

61,3 

27-1 

4S.5 

9 

23-7 

32.6 

40.6 

45-7 

57 

9 

65 

59-6 

46 

3S.I 

27.0 

X 

" 

4S.8 

M„„ 

50,, 

Ei-HOURLY  Means  of  Temperature. 

1 

Washington  City,  Capitol  Hill,  D.  0.'    Lat.  38°  53'.     Long.  7,°  01'  W.  of  G.           1 

4  >            =■      -                                      J 

0-2a 

3237 

32-58 

42.48 

47-91 

55.20 

66.83 

68.78 

66.82 

62.70 

44.90 

4T.SO 

33-50 

49.66 

41.35 

46.92 

66.04 

68.09 

6^.12 

4S.63 

4.2 

31.7I 

30-51 

46.12 

^3 

42 

65.07 

66.78 

64.17 

42 

30 

V 

40 

V 

47.64 

6.2 

30.74 

30.18 

39.88 

46.49 

55 

50 

68.25 

70.64 

b^.Oq 

61.29 

70 

38 

48.40 

n 

lb.  72 

54.02 

6- 

78.  SS 

4A 

40.04 

■i7.t>s 

^8 

.81.13 

40.8s 

42.51 

53.W 

48 

8l.P1 

61.27 

4.2 

42.28 

■!3-2S 

bQ 

84.76 

80.09 

5b 

4f 

40 

60 

61.21 

^«.22 

49-97 

C5 

70.89 

8i.l^ 

3^.4S 

3S-3S 

4l>.20 

■;2.iS 

5'. 

s^ 

72.29 

74-93 

7».48 

68.50 

48 

40 

4^ 

3t 

53-77 

10.3 

34-25 

33-80 

44-37 

49.12 

68.70 

71.5b 

64.90 

43.20 

34-70 

5'-33 

Mean 

35- 'o 

35-41 

46.08 

52.31 

60-45 

73.32 

75.40 

72.02 

68.07 

48.80 

43-73   1  35-70 

53.87 

Tri -HOURLY  Means  of- Temperature. 

Washington  City,  U. 

S.  Naval  Observatory.    Lat.  38"  54' 

Long.  77°  03'  W.  of  G. 

Alt.  no  feet.      Siip't  U.  S.  N 

0.      Ailro.  siiid  Met.  Obs,  for  1S66-7-S-9.      Jsin 

1862,  to  Dec.  1869,  inclusive. 

Mdn't 

29-55 

31-75 

37-76 

47.71 

56.80 

65.72 

70.64 

69.16 

63.94 

50.35 

41-35 

32-57 

49.69 

28.45 

30-45 

36-31 

45-45 

54.54 

63-77 

68 

06 

';8 

61.34 

48-54 

3' 

70 

31-49 

48.05 

44.62 

63-67 

38 

82 

30.64 

47-2S 

9 

29.46 

32.63 

39-54 

51.66 

62.37 

71.56 

76 

7' 

69.23 

53.99 

4: 

32.67 

53.05 

Noon 

i5-«q 

57-46 

K2 

Ki 

62.2, 

78.88 

8^ 

63.7b 

33-70 

37.20 

44.40 

66..;  I 

64 

78 

70.08 

56.47 

4( 

35.62 

56.71 

9 

31.29 

34.04 

40.07 

51-03 

60.24 

73.56 

73.31 

05.14 

52.36 

43- >6 

33.41 

52.13 

Mean 

31.67 

34-47 

40.77 

5=."i 

61.71 

70.66 

75-69 

74-15 

67.70 

54.38 

44-38 

34.30 

53.47 

'  I'uh.  Doc. 

2d  Session,  28111  Congrci:^,  vol.  x,  No.  173.      W 

uhiiigton,  1S45. 
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TABLES    OP   MEAS    Til  JIPBE  AT  tJRES. 


Houv. 

J.n. 

Feb.    1    Ma.-. 
1 

Ap. 

May. 

June.        July,       A»g. 

Sept.    1   Oct, 

Nov. 

Dec, 

Year. 

Hourly  Means  of  Temperature. 

PortM 

organ,  Mobile  Pointj  Alabama.'     Lat.  30°  1.4'.     Long.  88°  01'  W.  of  G.         | 

Alt.  20  feel.     Observed  by 

U.  S.  Coast  Survey.     June,  1848  ai.d  1S50, 

Mtln't 

63°-55 

66°.98 

79°- 10 

83°.  53 

84°.44 

8i''.45 

7o°.93 

60",  2 1 

54°.95 

68=.8 

62.25 

65-93 

78-43 

83-14 

84.55 

81.21 

70.70 

59.98 

54-95 

68.4 

63.16 

66.27 

78.21 

82 

78 

84-34 

80.57 

70,11 

59.60 

54.69 

68.1 

3 

61.69 

65.22 

78.05 

Sz 

51 

83.98 

80.13 

69.55 

59.23 

54.16 

67-7 

60.95 

66.24 

78.17 

83.82 

79-59 

68.87 

58.74 

53.75 

67.4 

5 

60.52 

66.04 

67°-39 

77-97 

S2 

83.68 

79.10 

68.47 

58.35 

53-42 

67.1 

6 

S6°.38 

S2'°.2S 

60.05 

65.98 

67.45 

78.30 

82 

49 

84,01 

78.80 

68. 18 

57.76 

53-27 

67.0 

7 

ss.t^g 

51-88 

60.30 

67.24 

68.42 

79-34 

83 

53 

84.68 

79-50 

68.74 

57-51 

67.5 

57-05 

53-03 

61.46 

68.25 

69.58 

So.  62 

84 

46 

85.S7 

80,86 

69.18 

58-30 

53.65 

68.5 

9 

58.12 

54.79 

62.84 

69-43 

70.75 

S1.76 

S5 

53 

86.99 

82.25 

70.52 

59-28 

54.48 

69.7 

59-45 

55-77 

63.S0 

7073 

71.76 

82.86 

86 

66 

88.33 

83-73 

71.78 

60.32 

55.74 

70.9 

60.55 

57-03 

64.96 

71.82 

72.56 

83.40 

88 

16 

89.49 

84.96 

72.85 

61.44 

56.72 

Hi 

Noon 

61M 

58.01 

65.91 

72-98 

73-43 

83.75 

55 

90.15 

85-75 

73.95 

62.56 

57.38 

61 -73 

58.74 

66.34 

73-44 

74-56 

84.08 

89 

38 

90.85 

86,56 

74-74 

63-43 

58,14 

73-5 

62.04 

59, 1  y 

66.70 

73-61 

75-18 

84-21 

89 

65 

90.77 

86,97 

75-56 

64-35 

5S.89 

73-9 

3 

62.13 

58.95 

67.06 

73.68 

75-37 

84.17 

S8 

96 

90,09 

87.31 

75-73 

64-74 

59-14 

73-9 

61.71 

58.5+ 

66.96 

73-56 

74-93 

83.76 

88 

35 

89-75 

86.99 

75-54 

64-44 

58.67 

73.5 

s 

60.70 

57-87 

66.27 

72.18 

73-70 

82.79 

87 

27 

S8.S9 

86.27 

74.56 

63-46 

57-74 

72.6 

6 

60.06 

56.86 

65.04 

70.85 

72.61 

81.94 

S6 

34 

87.74 

84.7S 

73-25 

62.41 

57-04 

71-5 

7 

59-63 

56.12 

64.22 

69.83 

71.76 

80.89 

85 

38 

86.45. 

83-74 

72.68 

62.08 

56,61 

70.7 

5g.2! 

55-79 

63-87 

69.39 

71-3' 

So.  27 

84 

76 

85.67 

83.19 

72-39 

61-58 

56-33 

70.3 

9 

59-07 

55-27 

63.61 

68.98 

71.00 

79-93 

84 

45 

85-16 

82,92 

72-13 

61.17 

56.08 

70.0 

5*^-6i 

55-09 

63. 28 

68. 58 

79.35 

84 

84.91 

82.26 

71,91 

60.83 

55.95 

69,6 

II 

62.93 

66.74 

79,29 

83-94 

84.67 

Si.  89 

71-54 

60.50 

55-54 

69,1 

Mean 

58.96* 

55-5°* 

63.61 

69.33 

71.04* 

80.86 

85-34 

86,64 

82.95 

n^ 

60 

93 

55-S4 

70,24. 

N.  B.  Some 

of  tlie  results  are  not  altogetliev  re 

iablc,  as  the  series  is  toD  sliort  and  broken. 

*  Tliese  viilu 

s  were  found  by  means  of  grapbi 

al  interpolation  for  tlie  liours  of  no  record,  yiz;— 

lOP.M 

70.6 

5S-0 

54-8 

70.1 

Mdo't 

57-7 
57-6 

54-5 
54.2 

§1 

57.4 

53-9 

6S.5 

3 

57-2 

53-5 

4 

56.9 

53-2 

67,6 

SA.M. 

56.6 

52.7 

. 

Hourly  fv 

Ieans  of  Temperature. 

G-alveston,  Texas.' 

Lat.  29°  18'.     Long.  94"  47'  W.  of  G. 

Alt.  20  ft.     Ob 

s'd  by  U,  S.  Coast  Sui-vey.    June, 

Sept.  Oct.  Nov,  Dec.  185I;  Jan.  Feb.  Mar,  1852;  Jan.  Feb.  1853.   1 

Man't 

48.2 

56.5 

65.3 

785 

70.4 

580 

52,2 

47-9 

55-9 

64.9 

- 

7 

70.0 

58 

7 

52.3 

47-7 

55-8 

64.5 

i 

69,6 

58 

51.S 

3 

47-5 

55.& 

64.2 

78 

3 

69.2 

57 

51.6 

4 

fi 

53-3 
55-2 

63-8 
63.6 

75-7 

77 
77 

7 

69:0 

57 
57 

4 

51,2 
50.7 

7 

46-5 
46,7 

55-5 
55-5 

64.0 

77- r 
79-7 

77 
79 

7 
7 

70.7 
74,1 

57 

^ 

5°.4 

50.3 

8 

47-7 

57-0 

82 

76,2 

3 

51. 1 

9 

48.6 
51.2 

ll:l 

71. 1 
73-1 

82:4 
Si. 8 

«3 

84 

9 
8 

77.2 
77,2 

62 

7 
3 

53.4 

" 

51-S 

61.3 

73-6 

S3- 3 

84.7 

76,9 

6I5 

54.7 

MS,  in  S[ii.  Coll, 

1 
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TABLES  OF   MEAN    TE  MPE  E  ATTJEE  B. 


Horn-. 

Jan. 

Feb. 

Mill-. 

Apr, 

May. 

June.    1    Jnly.    .    Aug.        Scpl. 

Oi:t. 

^ 

ov.    ;    Dei:. 

Y,.,. 

Galveston. — Continued. 

Noon 

5I-.S 

'e^ 

rs-.s 

83^0 

. .      '■■  84=.2 

76°. 9      6 

"-9      S4°.8 

,       1 

51 

M 

6r,o 

71.8 

83.3 

84.1 

76.8       6 

•7    1  54.9 

51 

6 

60.  S 

71.7 

83 

8 

.         83.6 

76.3 

6 

.7       54.9 

3 

SI 

5 

60.4 

70.9 

84 

8 

83.2 

75.6 

6r.6     1  54.9 

4- 
5 

5' 
5° 

1 

60.0 

70.5 

69.  s 

86 

84 

3 

82.8 
82.0 

74.4 
73.6 

6 
6( 

.4       54.6 
-7       5+ 1 

6 

5° 

68.3 

Si 

81.4 

72.6 

6 

.2         53.7 

7 

49 

6 

58.0 

^11 

79 

80.4 

72.1 

59-5     1  53-3 

^t 

57-5 

66,8 

79-6 

71.7 

5 

■9         52.9 

9 

^l 

7 

57. 1 

66.3 

79-3 

71.! 

58.6       52.7 

4S 

6 

56.9 

65.8 

79.1 

S 

■2         52.3 

" 

484 

56.7 

65-7 

_ 

1.1     ■■ 

78.7 

70:1       5 

.1         52.2 

Mean 

49.2 

57.8 

67.9 

1 

..     ■■  80.4! 

80.9 

73.0     s 

,8       52.9 

Hourly  Means  of  Temperature. 

1 

Ke 

SrWes 

t,  Florida.'    Lat.  24°  33'-     Long.  81"  48'  W.  of  G.                               | 

A 

t.  20  fe 

t.     Obs 

wed  by 

the  U.  S.  Coast  Sui-vey.     June,  1S51,  to  May,  1852,  inclusive. 

Mdn't 

63.32 

69.64 

74.06 

75.67 

79.79 

81.70 

82.87 

83-54 

79.03 

70,74 

..       1 

63.34 

69.09 

74.02 

75-40 

79-45 

81. 6S 

83,02 

83.35 

78.74 

.         70.81 

63.^7 

74-06 

75.38 

79-50 

81.35 

82.77 

83.09 

78.79 

70.85 

3 

63.16 

5^^ 

73-89 

75.32 

79-34 

81.26 

8Z.58 

82.8^ 

78.79 

70.66 

4 

63.00 

68.63 

73-74 

75.30 

79.16 

81.00 

82.29 

82.71 

78.71 

70.48 

5 

62,56 

68.12 

733" 

74-93 

78.60 

S0.93 

82.00 

82.35 

78.39 

69.97 

6 

62-55 

68.10 

73- tg 

74-98 

78.97 

82.19 

S2.4§ 

78.34 

69.32 

7 

62.48 

68.17 

73-85 

75-97 

81. IS 

83-76 

83.42 

78.90 

69.15 

8 

63.02 

69-33 

75-53 

77-4S 

83.26 

83.38 

85.43 

85.00 

S0.08 

69.63 

9 

64.66 

71.17 

77-11 

78.58 

8i.53 

84. 6S 

S6.47 

85.77 

80.97 

.          7o.6f 

65.74 

72.52 

78,18 

79.28 

85.02 

85.71 

87. 23 

86,39 

Sr.6o 

71-26 

66.63 

73-34 

78.76 

79-57 

85.27 

85.81 

87.53 

86.81 

81.98 

71.82 

Noon 

67.0S 

73.84 

78.97 

79-78 

85.16 

86.16 

87.76 

86.84 

82.10 

72.10 

67.71 

73-93 

79-21 

80.30 

85.27 

S6.36 

88.32 

87.35 

82.48 

72.08 

67.89 

74.05 

79.39 

80.50 

85-37 

S6.18 

88.15 

87-42 

82.52 

72.21 

3 

74-48 

79.29 

l°-K 

85.19 

86.30 

87.39 

82.44 

72.37 

4 

68^23 

74.84 

79.15 

80.28 

85.08 

86.28 

87.70 

87-29 

82.29 

72.39 

5 

^l-^i 

74.50 

78.53 

80.17 

84.69 

85-S3 

87-65 

87.03 

Si.  79 

.         7'.89 

6 

66.  z6 

73-14 

77.32 

79.8S 

82.18 

85.11 

86.43 

86.42 

80.77 

70.97 

7 

65.06 

71.76 

75-79 

77.92 

83.68 

85- rs 

85.42 

So.  16 

70.44 

8 

64.58 

71.03 

75.11 

76.98 

81.34 

82.64 

84.47 

84.84 

79.97 

70.40 

9 

64.34 

70.69 

74.98 

76.67 

82,10 

84.00 

84.39 

79.77 

6394 

70.28 

74.52 

76.22 

80.42 

81.76 

83. 38 

83.97 

79-47 

70.79 

" 

63 
64 

53 

69.93 

74.23 

75-92 

79.97 

81.76 

83-03 

79.26 

70.84 

Mean 

92 

71,18 

76.09 

77.62 

82.25 

S3-54 

85.09 

84.99 

80.30 

70.93 

N.  B. 

No  obbervations  in  Sept.  and  Nov.  1851. 

I  Ob 

mined  b] 

interpo 

ation  for  3  A.  M.  and  9  P.  M.,  by  the  ho 

rs  3,  9,  3, 

riie  obse 

vations 

xtend  over  too  short  a  time  to  be  relied  0 

"  M 

.  inSm 

Coli.  ; 

3u5tavii5  Wiirdcmarn,  observer. 
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TABLES  OF  DUTERENCES 


BI-HOHRLY,  HOnRLI  AND  SEMI-HOURLY  MKAN  TEMPERATURES  FROM 
THE  MEAN  OF  THE  DAY, 


EACH  MOUTH  AND  THE  YEAH. 


AT   VARIOUS    PLACES    TJJ    AMERICA. 
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TABLES  OF  DIFFERENCES  OF  MEAN  TEMPERATUKES  AT  DIFFERENT  HOURS  OF  THE  DAT 
FROM  THE  DAILY  MEAN,  FOR  EACH  MONTH  AND  THE  YEAR. 


INDEX    TO    STATIONS. 

[Arranged  according  to  latitudes.] 

Van  Rensselaer,  North  Greenland  .... 
Port  Foiilke,  North  Greenland  ..... 
Melville  Island,  Arctic  Ainerica.  .... 

Port  Kennedy,  North  Somerset 

Boothia  Felix,  Arctic  America 

Sitka,  Alaska  Territory 

Montreal,  Canada  East 

Thunder  Bay  Island,  Lake  Huron,  Mich.    . 
Toronto,  Canada  West        ...... 

Mohawk,  N.  Y 

Cambridge,  Mass.       ....... 

Amherst,  Mass.  ....... 

New  Haven,  Conn.     ....... 

Brooklyn  Heights,  N.  Y 

Frankford  Arsenal      ....,., 

Philadelphia,  Girard  College 

Washington  City,  Capitol  Hill,  D.  C. 

Washington  City,  U.  S.  Naval  Observatory 

Fort  Morgan,  Mobile  Point,  Ala.         .... 

Galveston,  Texas         ....... 

Key  West,  Florida 

Rio  Janeiro,  Brazil 


(138) 
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TABLES   OF   DIFFERENCES   OF   MEAN   TEMPERATURES. 


Diurnal  Fluctuation  op  Temperature  (Fah.  scale). 


Hour.         Ji 


Apr.       May.      Ji 


July.       Aug.      Sept,        Oct.        Nov,       Dec.       Year, 


Van  Rensselaer  Harbor,  North  Greenland.    Lat.  78°  37'.     Long,  ^o°  53'  W.  of  G. 

Kane.     Near  sea  level.     Sept.  1853,  to  Jan.  1855,  inclusive. 
(Uncorrected  for  effect  of  annual  fluctuation.) 


Mdn't 


Port  Foulke,  North  Greenland.    Lai.  78°  18'.     Long.  73°  00'  W.  of  G. 

Hayes.     Near  sea  level.     Sept.  1S60,  to  July,  1861,  inclusive. 
(Uncorrected  for  effect  of  annual  fluctuation.) 


+0. 


The  values  for  August  nre  interpolated. 
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140  TABLES  OF  B I  P  FE  "R  E  K  C  E  S  OP  MEAN  TEMPERATURES. 


Hour. 

Jan. 

Feb. 

Mar. 

Apr,        May. 

June. 

July. 

Aug.      Sept. 

Oct. 

Nov. 

Dec. 

Year. 

MelvUle  Island,  Arctic  America.'    Lat.  74°  47'-     Long-  no"  4S'  W.  of 

Vavry.     At  sea  level.     1819  to  1S20. 

Mdii't 

° 

.; 

_: 

;_ 

.; 

-o.'sS 

000 

I 

-^'26 

—0.22 

—2.34 

—0.09 

+0.26 

+0.20 

3 

5 

—0.16 

^.'56 

— 2.0Z 

-0.54 

+0,04 

+0.13 

7 

—0.24 

-0.65 

-iVsS 

—0.45 

0,00 

-0^^4 

+0.49 

9 

+0.29 
+0,78 

+0-54 
+0.97 

+0.65 

+2.99 

+0-33 
+  1.03 

+0.85 

-0.24 

Noon 
3 

+0.49 
+0.56 

+  1.46 
+i'.i6 

+is6 
+2V25 

■ 

+0.97 
—0,49 

+0,92 
+o'.6i 

^.54 

4 

5 

—0.09 

—0.09 

+0.97 

+0.54 

^.36 

0,00 

6 
7 

-<i.09 

— 0-54 

— (!.i3 

+0.'22 

—0,61 

4-0.26 

8 

^.85 

+0.58 

9 

—0.24 

—□'.'78 

—0.74 

—0.24 

—^.80 

+0.26 

" 

-oV,o 

-..0 

-I'.^S 











'__ 



_ 

_ 



—0,97 

Port  Kennedy,  North  Somerset.    Lat.  72°  01'.     Locg.     94°  14'  W.  of  G. 

McClintoek.     Near  sea  level.     Aug.  1S58,  to  Aug.  1S59,  inclusive. 

(Uncorrected  for  effect  of  annual  fluctuation.) 

Mdn't 

--0.2 

-05 

—29 

—3.3 

—3-9 

^^.2 

—3-1 

—I  0 

—0.7 

-1.0 

-1.3 

-0.4 

-..,1 

2 

6 

—3 

3 

2-9 

■■3 

.1 

.6 

D,9 

5 

3 

+0 

4 

■9 

4 

7 

—3 

3 

■9 

■9 

£ 

5 

6 

4 

—2 

■3 

3-9 

■3 

7 

3 

^^8 

4 

7 

+ 

+ 

+ 

3.7 

9 

4 

-0 

+3 

+ 

+ 

2-3 

4-5 

+ 

+ 

+  0 

7 

■S 

Noon 

+0 

3 

r-O 

+5 

+ 

.8 

+ 

35 

t-5 

+ 

+ 

+  1 

S 

+5 

7 

+ 

i-z 

+ 

3-7 

3.2 

+ 

+ 

.6 

+  1 

ho 

4 

+0 

3 

3 

+ 

3't 

+ 

2.9 

,5 

+ 

■9 

+ 

1.4  '       0 

3 

+0 

7 

7 

+ 

3.6 

+ 

+ 

o!s 

+ 

6 

3-3 

8 

+0 

5 

5 

.6 

0-3 

+ 

3 

9 

=■■5 

10 

+0-S 

+0.1 

1 

—2-7 

-3-3 

—1.5 

—0,2 

— I.o      —0.5 

Comb's 

1          .          1 

10,10 

+0.2 

+0.6 

+0.5 

+0,6 

+ 

0.0    ;    +0.i 

+0.1    ]    -O.i 

+o.r 

6,2,9" 

+ 

+0.3 

+ 

+0.2 

+  0 

+ 

6,2,10 

to 

7.2,9' 

0 

0 

3 

+0 

4 

+ 

0.4 

+0.7 

+ 

0.7 

+0-4 

- 

0.3 

-- 

0.2 

I 

0 

0 

—0 

I 

+ 

0.3 

7.  2,  9  Ma 

+0 

+0.2 

3.9,3,9" 

0,0 

+0.1 

0.0 

0,0 

+0.1 

0,0 

+ 

Cl 

0.0 

0.0 

-.,  „, 

1  From    ProF.    Gityot's   IWoteorological    and    Physical    Tables,   Smlllisonian    Misc.    Coll.;    Washington,   1S58. 

Reaumur's  changed  into  Falirenheit's  scale.     Table  by  Dove, 

=  By  interpolation. 
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142     TABLES   or   DIFPEKBNCES  OP  MEAN    TE  MPE  B  ATUEE  S. 


Hour. 

- 

Feb. 

Mar. 

Ap,. 

May. 

1 
Jinic.       July. 

Aug. 

Sept.        Oct. 

Nov. 

Dec. 

Year.  1 

Sitka. — Continued. 

Noon 

+I.°28 

+2.°36 

+3r84 

-4-79 

+4°8S 

-4.74 

+4-74 

-  -4°59 

+3-71 

H 

^2^56 

+  i°6i 

■0.71 

^ 

-3°33 

+' 

87 

- -3-°S 

+3-91 

-S.24 

-5 

33 

+5.06 

- -S.24 

+3-50 

- 

.3.10 

89 

■I 

03 

~H^ 

+  2 

13 

-  -3-24 

+4.47 

-5.I3 

-5 

40 

-5.44 

+5-19 

-  -4-85 

+4-18 

25 

■t 

-3.89 

3 

+2 

13 

--3.3' 

+4.36 

-4.72 

+5 

13 

-5-19 

+4-79 

-  -4.50 

+3,86 

.0 

99 

-3-69 

+  1 

75 

--2.70 

+3.76 

-4.29 

59 

-4-70 

+4.36 

-3-95 

+3-5° 

■2.54 

68 

■0 

-3-22 

5 

+  1.91 

+2,58 

-3.67 

89 

-3.95 

+3.71 

-3-22 

+2.79 

■1.98 

-0 

45 

-2.54 

6 

56 

+1.S4 

-2.54 

+3 

08 

-3-33 

+2.83 

-  -2.39 

+  1.44 

-^ 

47 

-r.73 

7 

33 

+0.65 

-1.08 

70 

-2.25 

+  1.82 

+0.63 

H 

■0.35 

09 

ho 

07 

-0.85 

8 

—0.29 

— 0'33 

52 

+0.92 

+0-49 

—0.42 

9 

33 

-0.67 

—0.99 

— I-S7 

—0.61 

-0.74 

—1.49 

—  1. 16 

—0.47 

49 

26 

—0.83 

52 

— 0.S3 

—2.41 

39 

—2.18 

—2.15 

—1.70 

— 0.67 

65 

43 

-0.46 

" 

-0.69 

-1.08 

-\X 

—3-53 

_3.28 

—3.10 

-2.67 

-2.13 

—0.97 

—0.49 

—2.09 

Comb's 

1              1 

lO,  lO 

—043 

-0.3S 

+O0S 

+o,oS 

+°-37 

+0.35 

+032 

—0.03 

-032 

—0.33 

6,2,9 

26 

23 

+0,12 

+0.28 

+0 

23 

—0.09 

+0,01 

+0.32 

+0 

24 

ho 

'5 

+0-13 

6,  z,  .0 

--0.17 

16 

9' 

—0.28 

—0.24 

26 

—0.31 

—0.17 

+0.26   +0 

t9 

-0 

—0,08 

7.2.9 

-  -0.24 

+0 

'3 

+0 

34 

-  -0.72 

+0,80 

+0 

77 

+0.30 

+0.22 

+0.47  ;  +0 

29 

.0 

16 

+0.38 

7.  2,9ti. 

08 

IS 

14 

+0.27 

4-0.45    +0 

39 

+0.24  !  +0 

09 

-0 

05 

3>9,3.9 

—^ 

— aos 

+0.12 

+0,08 

+0-07 

+0.23       000 

■0.03 

+0,05 

Sitka,  Alaska  Ter'y.    Lat.  57°  03'.    Long.  135=  20'  W.  of  G. 

Mcln't 

~- 

Ali.  20  feet.     Months  of  old  style.     From  an  8  year  series,  1857  to  1864.                                      1 

85 

-1.22 

—2.34 

—5-(>9 

-4.45 

-4.67 

-3.86 

— 3-20 

—2.49 

-1.39 

-^.83 

-0.35 

—2.44 

4 

—1.39 

48 

—' 

S8 

—5.12 

i5 

—2.99 

—1.45 

83 

3° 

-2.67 

82 

— r-57 

59 

—A 

—5 

08 

—5-44 

46 

—3-35 

—1.63 

80 

38 

—2.84 

3 

77 

75 

—5 

—5.60 

—A 

66 

— 3^55 

—1-73 

80 

40 

-2.94 

4 

72 

iil:82 

98 

~A 

— ' 

93 

—5.40 

52 

-3.58 

83 

48 

—2.92 

5 

58 

-1.S9 

—3 

24 

92 

34 

—4-34 

—: 

79 

-3-63 

-3-45 

—1*65 

90 

64 

-2.70 

6 

66 

24 

28 

77 

-3.68 

61 

—3.09 

—3-24- 

—1,61 

15 

62 

—2.24 

72 

47 

56 

92 

-■.51 

07 

—1-52 

—2.23 

-1-45 

77 

—1.82 

92 

+0 

30 

75 

+0.67 

+0 

41 

—0.75    -0.77 

9 

45 

— 0.65 

+  1 

93 

46 

-  -2-34 

+2 

+1.60 

+0.83 

■0.30 

36 

50 

H 

.0.89 

28 

+  l.ot 

52 

+3 

39 

--3 

85 

-  -3.69 

+3 

31 

.  .2,98 

-  -2.34 

■1-34 

*? 

04 

■ 

+2,65 

-3 

74 

+4 

53 

--5 

-  -4.79  ■ 

+4 

24 

-  -4-17 

- -3-69 

-2.26    J 

28 

75 

-3.18 

+313 

-4 

+5 

--5 

45 

--S-85 

+5 

-  -4.96 

--4.61 

■3-02 ,  H 

i6 

50 

■3-92 

+3.43 

■ 

-4 

58 

+5 

64 

--5 

68 

-5.85 

+5 

27 

-  -4-94 

..4. 88 

■ 

■302 

27 

63 

--2 

o5 

+3-35 

■ 

-4 

39 

+4 

94 

+5 

45 

+5.47 

+5 

+4-73 

-4-57 

- 

■2.93 

07 

43 

■3-87 

3 

--I 

52 

+2.87 

r3 

92 

+4 

60 

84 

^-'^ 

76 

-4.14 

.2.48 

51 

H 

■3-42 

4 

78 

+2.13 

-; 

32 

+3 

73 

--i 

19 

+«8 

+3 

63 

-  -3- 50 

-3-39 

■1.77 

92 

48 

-2.69 

S 

24 

+  1.0S 

+2 

73 

+; 

r7 

--3.S8 

+2 

66 

-  -2,46 

-  -2,42 

■0-94 

33 

-0 

08 

■1.S2 

6 

05 

+0-34 

ho 

72 

+  1 

43 

89 

+' 

49 

-  -r.iS 

ho.  19 

ho 

17 

-0.87 

7 

39 

—0.24 

49 

08 

45 

+0 

30 

-0.05 

-0.39 

27 

— 0.04 

S 

41 

—0.61 

32 

14 

—0.79 

96 

— t.i6 

—0.90 

— 0-73 

34 

30 

—0.83 

9 

59 

—0.91 

63 

84 

36 

06 

—  1.79 

—1.44 

—1.07 

50 

43 

—1-39 

77 

98 

64 

—3 

24 

—3-13 

78 

—2.31 

—1.82 

67 

41 

—1.83 

" 

-0 

83 

—1.07 

-2 

19 

—3 

19 

-3 

9S 

—3-97 

-3-36 

—2.80 

—2.09 

— r.30 

-076 

^3M 

-2, 16 

Comb's 

—0.24 

+0.04 

+0.27 

+0.37 

+0.32 

+0.28 

+0.26 

+0.34 

+0.26 

+0.06 

— 0.09 

-0.18 

+0.14 

6,  2,  9 

+0.15 

r6 

06 

+0 

+0.23 

+0 

— 0.04 

+0.08 

+0 

14 

+0 

'3 

+0.08 

6,2,IO 

+0.14 

28 

33 

'9 

—0.16 

+0.09 

+0 

08 

+0 

13 

—0.06 

7.2-9 

+0.08 

+0 

+0 

5' 

+0 

72 

+o!62 

+( 

64 

+0,47 

+0.30 

+0.14 

+0 

i5 

-fo 

+0.34 

7.2.9i,i, 

—0.22 

45 

06 

—0.09 

05 

—0.18 

04 

3>9j3.9 

— ° 

07 

-0.10 

+^ 

13 

+0 

" 

-0 

04 

—0.09 

+0.04 

+0:02 

0.00 

0.00 

— 0.04 

—0,1c 

0.00 
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Houi-. 

Jan. 

Feb, 

M^i-. 

Apr. 

May. 

June. 

July.        Aug.    j    Sept.        Oct. 

Nov, 

Dee. 

Year. 

Montreal,  Canada  East. 

I.at. 

45°  30'.     Long.  73°  33'  W.  of  G. 

.  S.  McCord. 

Alt.  57  feet.     Aug.  1839,  to  July,  1841,  iuciusiuc. 

Mdn't 

->t3 

-4!s 

-5°2 

—4-4 

—^0 

-3-9 

-M 

zi' 

-2.85 

6 

—4.8 

—5 

—5.0 

—4 

9 

—2,5 

9 

—3.30 

7 

—4.4 

—6.9 

—7.4 

—7 

—4 

3 

—4.0 

6 

0 

3 

7 

~S.i 

-6.5 

—6 

—6.0 

-5 

-3.6 

6 

—4.25 

4 

4 

—7-1 

—7.0 

—7.2 

—7 

5 

-6.3 

—5 

6 

8 

4 

—4.96 

5 

—6.8 

-6.5 

—6.6 

-^.3 

—7 

7 

-6.4 

-5 

4 

—4-5 

-5-05 

6 

~2 

9 

-5.6 

—6.6 

-5-5 

—5 

5 

—6.0 

—4 

6 

3 

—4.50 

—5 

-3.S 

-3.6 

—^-7 

—3 

~l 

5 

-3-6 

-3-56 

8 

—3 

—3-4 

—3.1 

—0.9 

—2,8 

—2-5 

9 

—2.24 

9 

—0.7 

— o.s 

H 

-0.6 

7 

-0.8 

6 

ho 

- 

.0 

S 

--I-7 

9 

-1.7 

hi 

5 

hi.o 

ho 

4 

+0.93 

■I 

- 

■2.S 

h2.3 

-1-3-4 

-3 

-3.6 

+2.7 

■t 

4 

+0 

5 

+2.17 

Naou 

-2 

■ 

-3 

5 

-5,0 

■71 

-5 

5 

-5.5 

-5 

4 

h4-2 

■> 

9 

+1 

+4-30 

- 

■4 

g 

-  -7-4 

- 

-4.9 

-6 

-6,6 

+5.4 

■3 

5 

+  2 

4 

+4.95 

1-4 

■ 

■5 

4 

-  -6,5 

-6.0 

-sis 

--7.7 

-7 

-7-9 

-6 

6 

1-7-0 

4 

+2 

5 

+6. 03 

3 

1-2 

■ 

■6 

-5.3 

-&.S 

--6.9 

.8 

- 

-7-3 

-5 

7 

-5-8 

+  2 

S 

+5.91 

4 

1-3 

9 

■3 

6 

l'° 

-^i 

■8.4 

h7 

5 

-7-7 

■6 

hS-6 

-1-3 

+5-65 

S 

-0 

6 

■1 

-S.6 

■6.6 

-6 

5 

-5-5 

-5 

-3-2 

■I 

+1 

4 

+4-43 

6 

-r 

S 

-3-9 

■3.9 

-I 

4 

-5-6 

■2 

-2.8 

■I 

+1 

3 

+3,20 

7 

-0 

6 

■3-5 

9 

- 

ho 

6 

- 

-0 

4 

+0 

7 

+  1.74 

8 

-0 

9 

6 

-1.6 

7 

. 

-0,7 

+0.65 

9 

-0 

7 

—0.4 

—0.6 

—1.6 

3 

+0 

7 

— 0-34 

—0.6 

—1.9 

—2.5 

6 

4 

—1-30 

" 

_o6 

—0.2 

-1.8 

— 2.r 

-3-5 

—34 

—3-1 

—3.0 

-2-5 

-'■5 

—0.2 

Comb's 

10,10 

-0.3 

+0.1 

+o.r 

—0.4 

—0.4 

+o.r 

—04 

—04 

—0,1; 

—0.18 

6,2,9 

4 

8 

+0 

7 

+0.5 

+0.2 

+0.2 

+0.1 

+  0 

2 

-0 

4 

+0 

■0 

6 

+  0.39 

6, 2,  10 

-o 

4 

+° 

5 

til 

-0 

3 

+0.07 

7.2,9 

9 

4 

+0.6 

+0.5 

+J.I 

+1.4 

+0 

6 

+0 

+0.71 

7.  2.9ti. 

9 

5 

+^ 

+0.3 

+1.0 

+0.5 

+0,6 

+0 

7 

4 

+0.44 

i,9,3,9 

: 

-O.i 

H^ 

+0.4 

—0.3 

0.0 

+0.1 

-0-3 

+0.3 

^ 

■0.1 

+0.07 

Thunde 

rBay 

laland,  Lab 

e  Hur 

on,  M 

ich,    Lat.  45°  2'.     Long.  83°  17' 

W.  of  G. 

Alt. 

610  feet 

Dec. 

1863,  to  Dec.  1865. 

Mdn't 

—0.9 

—1.9 

-2.2 

—2.9 

— 3.4 

—4-3 

-3-8 

—4.0 

—2.9 

— 2-S 

-O.S 

-OS 

—2.52 

0  30 

3 

9 

-3-4 

—4-7 

5 

—4-3 

6 

3 

—2,82 

6 

—3 

-3.8 

9 

—4-5 

8 

5 

—3.10 

I  30 

5 

—3 

—4-7 

~5-3 

—5 

4 

-4-8 

9 

7 

5 

-3-35 

3 

6 

— ; 

7 

— 4.4 

—5.0 

—5-6 

—5 

8 

— 5-1 

9 

6 

3 

-3.60 

2  30 

5 

9 

-4.5 

-5.1 

—5-9 

—6 

—5-2 

6 

-3-77 

3 

6 

9 

—5-3 

-6.1 

—6 

—5.4 

— ; 

4 

— ; 

8 

6 

—3-91 

3  30 

6 

9 

— ; 

9 

I^i 

S-3 

— S-9 

—5 

4 

-5-4 

5 

—3 

8 

5 

—3.90 

4 

5 

-3 

8 

—4-5 

-5-2 

-5-8 

—6 

3 

-5-5 

—3 

6 

—3 

-3.86 

4  30 

4 

~3 

7 

—4,4 

— S-i 

-5-8 

—6 

-S-5 

—3 

8 

—3 

4 

-3-S3 

5 

3 

—3 

6 

—4-3 

—4.9 

-5-4 

—6 

—5-5 

—3 

9 

3 

—3-72 

5  30 

—3 

S 

-4.9 

—5 

5 

—5-3 

— ; 

7 

-3-48 

6 

3 

-te 

—3-3 

-^.0 

7 

—5.0 

7 

— ^ 

8 

-3.i6 

630 

9 

—2.6 

—2.7 

5 

3 

9 

7 

—2.66 

7 

5 

— '■$ 

—1.7 

9 

-3-2 

8 

6 

—2.09 

7  30 

9 

_o.s 

6 

9 

-1.46 

S 

S 

+oi 

—0.7 

8 

5 

7 

-fl.76 

830 

-0.6 

+  1.5 

ho.4 

5 

6 

—0,10 

9 

9 

-fo 

S 

-1-3 

■'-7 

+2.1 

ri-3 

ho 

4 

5 

8 

4 

- -0.51 

9  30 

3 

-l-i 

4 

-1.8 

+2.9 

6 

ri-9 

■I 

3 

--I.D9 

+3 

-2.4 

■2-5 

+3-4 

3 

r2.7 

■■ 

7 

9 

+  0 

--I.66 

1030 

7 

-i-2 

8 

-2,9 

■3.0 

+3.9 

■3 

8 

-3-5 

■2 

6 

6 

+  0 

5 

--2,25 

3 

8 

-1-3 

S 

■3-4 

-3-3 

+4.2 

■ 

■4 

3 

r4-4 

■3 

3 

9 

+0 

9 

-  -2.S1 

II  30 

-i-3.8 

1-3.8 

h3-6 

+4-5 

- 

h5.r 

^ 

-3S 

- 

.2.9 

+  1.5 

+'■3 

-  -3-27 

'  From  Prof.  C 

uyot's  M 

ct,  and  Phys.  T 

bles,  Sm 

Miac. 

oil. ;  Wash.,  1858.     From  Aug.  iS.jg,  lo  , 

uly,  l840,inclu. 

the  observations 

vere  take 

n  at  the  tv^n  ho 

rs;  from 

Aug.  I 

S40,  to  July,  1841,  at  the  ii^i/ hours. 

[Sch.] 
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144   TABLES  Oi'  lUi' PKREN  C  E  S  Oi'  MEAN  T  E  MP  E  K  A  T  U  R  E  S. 


Hour. 

Jan. 

Feb. 

Mar. 

Apr.        May. 

June. 

J"iy. 

Atig- 

s,„. 

Oel. 

Nov. 

Dec.    1     Year. 

Thunder  Bay  Island,— Continued. 

Noon 

+ 

^■^ 

h^"^ 

4 

4!o 

r4-o 

h4°o 

4 

It 

+ 

■5.7 

^ 

h4t2 

^ 

hl°G 

+  1. 

+3°69 

-■ 

4 

4.4 

-4-< 

■1.7 

i-^ 

-:■ 

7 

-4-'; 

-S-4 

1.3 

■1.9 

-  -4.29 

1 30 

+ 

1.4 

-'1 

-S-4 

''■; 

-^.1 

r4-6 

>      ■ 

-  -4-52 

+ 

-^ 

S.o 

-4.7 

-4.7 

S.q 

7." 

rS-3 

■S.o 

--% 

■1.9 

-  -4.62 

a  30 

4..S 

-A 

-4-V 

■vo 

-  -3- 

■i.O 

-  -4.69 

-1 

4-S 

■VU 

rS.u 

■4.7 

■1-7 

j-y 

-■ 

/ 

4.2 

-4-1 

4 

-■■ 

r4-i 

-i.o 

-S-' 

■i.? 

S.'> 

-4.1 

■l.g 

.  -3-83 

4  30 

4 

(■i 

-.1-7 

S.I 

S.l 

-■■(.:! 

■1.0 

+ 

-v 

-1.2 

-4.4 

4.^ 

5  33 

■  i 

S 

-2.7 

+ 

U.IJ 

Q 

■3.2 

■ 

■ 

+0.6 

U.7 

-2.r 

7 

4 

+0-2 

-0,, 

7  30 

D.( 

■□.4 

— O.S 

830 

S 

—0.9 

—0.8 

ro.a 

-0.60 

9 

4 

—1-7 

—1.5 

—0.94 

9  30 

7 

— J-3 

— l.g 

— i.2 

—  1.8 

—'■3 

—2.3 

-,.% 

U.S 

i 

u.'/ 

3 

—2-3 

— a.g 

—3-5 

—3.0 

-1.5 

—2.5 

II  30 

—1.5 

—2.0 

—2.5 

—3-3 

— 3'9 

—3.4 

-4.t 

—2.7 

—2.3 

-0. 

S      —0.6 

—2.31 

Comb's 
10,10 

—01 

—02 

0.4 

+0.4 

+0.1   .  +0.4 

+0.4 

0,0 

^., 

-0. 

„„ 

+O.OS 

6,2,9 

+ 

>.■; 

--0.5 

0.0  1  +0.1 

+ 

+0.3 

1      --0.3 

+0.16 

+ 

>-4 

--0.3 

^0.4 

+0.2 

.      -  -0.2 

7.2,9 

+ 

>-S 

0.'; 

+0.5 

+0.6      +0.9 

+0-9 

-f- 

0.7 

-1-0.1 

+0.4 

:      -  -0.3 

+0.52 

7-2.9«. 

+ 

U.4 

--0.3 

+0.2 

+0.1      +0.2 

+0.5 

+ 

+0.iq 

3.9.3.9 

nrs6 

'^- 

0.0 

0.0 

0.0 

+0.2 

+0.. 

0.0 

+0.04 

N.  B.  Tliq  Iio 

.  9„>  3..  K  ''^'^'"^  employed  in  the  U.  S.  Lake  Suivey,  prior  to  June,  1S60,  the 

means  at  these  h 

U!S  ai-e  as  follows  :— 

6,9,3,6     +0.3 

+0.5      +o,S      +1,1  1  +1.5  1  +1.;      +1.6 

+  =  ■3 

+O.S 

+0,6 

+.-3J+o.2| 

+0.90 

The  mean  of 

m'  9m'  3i.  'S  i^^O"^  "'«  Si>"l<^  ^  7i- 

Toronto,  Canada  West.    Lat.  43^  35'.    Long.  79°  33'  W. 

of  G. 

Alt.  342  feet.     July,  1S42,  to  July,  1848. 

Mdn't 

—1.53 

-2.47 

-1.26 

—5-31 

-6^« 

-■;-46 

-1.96 

—1.8 

2    —0.91 

—4-01 

-^.&0 

—741 

-1.^5 

[    —1.49 

.07 

—2.54 

f.l3 

—4.68 

-0-71 

-0.70 

-7.97 

-79 

-^10 

-4.17 

— 2.-. 

-4-53 

—2.97 

Vt2 

—7.44 

— 

-46 

—4-33 

4 

.32 

—3. 27 

—5-31 

—7.91 

-K.os 

q.32 

-4.61 

—5-31 

S 

-SO 

..S2 

<>.17 

u( 

-5.49 

6 

-V7 

—i-l'i 

-5-55 

—5-41 

—5.21 

— 

— 2.. 

)   —2,46 

—4.61 

.87 

—4.32 

-,.26 

—2-40 

2.49 

.61 

-,.bl 

9    —2.62 

.67 

+ 

+  1.82 

-1- 

-1-1.^6 

+0.80 

-1- 

.^6 

+  1.01 

+ 

■QS 

+2.49 

+3.81 

-I-3-49 

+. 

.14 

+  1.51 

--I. 

3   +0.44 

+2.  so 

" 

+  .73 

+  3.18 

+3.S7 

+4.94 

-1-4.77 

-1-5.50 

-I-5-S9 

+4.90 

+4.40 

-1-2.5 

4   +1.68 

+3.S2 
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TABLES    OF    DIFFERENCES   OE    MEAN    TEMPERA  TUllES.      Uo 


Hour. 

Jan. 

Feb. 

-! 

Apr. 

May.       Ju„c. 

July. 

\,xg. 

.Sept. 

Oct. 

Nov.       Dec.       Year. 

Toronto,— Continued, 

Noon 

+2°5i  1 

+3,80 

+4.20 

+,vl 

+5°89 

+5°87 

^6?86   - 

-6.54 

-5. 93 

-  -5-30 

■3.33 

-2.49 

-f4°8o 

-3 

-4.66 

+4.85 

-5 

84 

-6.81 

-6,60 

-7-78   - 

-7-31 

-6-53 

-  -5-73 

-3-73 

-3-21 

-5-50 

-3 

28 

-5.06 

+  5-42 

-6 

-7.16 

-7.02 

-8.63   - 

-7.89 

-6.93 

-  -6.08 

-.3.81 

-3-36 

-s-go 

3 

-3 

25 

-S.05 

+5-22 

-6 

29 

-7.22 

-7.40 

-8.83    - 

-8.24 

-6.96 

-  -5-85 

-3.64 

-3- 1 1 

-5-92 

4 

73 

-4-50 

+4-75 

-s 

90 

-7.17 

-7.64 

.3.84    - 

-8.09 

-6.74 

--5-'2 

-2.74 

-2.46 

-5.56 

S 

73 

+4.00 

-5 

'7 

-6.79 

-7.04 

-8.38   - 

-5-78 

-  -3-37 

-'■53 

-4.68 

6 

91 

+2.32 

-3 

37 

-5 -04 

-5-74 

-6.94   - 

-3.11 

-  -1.32 

-0.71 

+3.15 

7 

38 

+0.85 

84 

+2.17 

-4-3.00 

-3-4&   - 

-fo.41 

-0.14 

-0.4S 

S 

06 

75 

—0.54 

-0-30 

-0-74   - 

-1.25 

— 0.S7 

—0.17 

-0.09 

-0-43 

9 

14 

-0.64 

83 

—2.29 

—2.46 

— 3-II    - 

-2.84 

-0.46 

-0.16 

— 1.5Z 

52 

—1,19 

—1-77 

60 

-3-26 

-3.80 

—4-34   - 

-3.86 

—2-97 

—2.03 

— o.Si 

-0.46 

—2.30 

" 

-084 

—1.70 

—2.42 

—3 

05 

—4.18 

—4.76 

— S-52   - 

-4.66 

-3-61 

—2.70 

—1. 16 

-0.57 

-2.94 

Comb'!; 

+002 

-<,.05 

+009 

~ 

+0-27 

-0.15 

—0.16    - 

ho.  14 

+0.28 

■fo-so 

+0,35 

-00. 

+o.to 

6,2,9 

+0 

46 

17 

39 

-0,51 

-0.38 

+0.07 

+0.29 

+0*25 

—0.08 

6,2,  lo 

+0 

33 

3S 

64 

—0.50 

—0.66 

62!- 

-0.8S 

-0.73 

—0,18 

+O.J7 

+o.t5 

-0-34 

7.2.9 

+0 

42 

+  0.03 

+0 

+0 

3S 

+0.81 

+0.72 

+  1 

01  j +0.48, +0.37 

+0-32 

+0.29  1 

+0.19 

+0.44 

7.  2.9uis 

+0 

28 

—0.13 

19 

'7 

+0.04 

—0.07 

+0.10I 

+0.10 

—0.03 

3.9.3.9 

+0.0S 

+O.U 

+o-'7 

5.H 

—0.18 

—0.161+0.02    +0.25 

r^fs 

+0,06 

Mohawk,  N.  Y.     Lat.  43"  00'.     Long.  75°  02'  W.  of  G.                                    i 

Alt.  435  feet.      Jime,  1S60,  to  May,  1864,  inclusive;  and  Jan.  1867,  to  Jan.  1869,  inclusive.                          | 

Mdn't 

— 1.J9 

—1.51 

—.88 

-.. 

-3- 70 

—^■^ 

-4.22  1 

-4.32 

—3-57 

-1.83 

—1.34 

—0.94 

-2.6S 

34 

-2.17 

70 

—4 

15 

-4.84 

~6.i8 

-5 

06 

-4.80 

-3.80 

—2-53 

—0.82 

—'■"7 

—3-3° 

64 

—2.55 

—2 

13 

—4 

71 

— S-73 

~7.o6 

—5 

-5-49 

-4-47 

—3.04 

—1.23 

-1.52 

-3-88 

3 

05 

—3.90 

70 

—5 

-6.55 

-7.82 

-6 

—6.19 

-Kt 

-3-46 

— 1.61 

-1.39 

—4.42 

4 

37 

—3-20 

rS 

—5 

76 

— 7^37 

-8-53 

—7 

24 

-6.83 

-5-66 

—3-94 

—2.19 

—4-93 

5 

63 

--3-39 

62' 

_6 

13 

-7.85 

— g.oi 

—7 

75 

-7-33 

-6.19 

—2.21 

—2.31 

—5-31 

6 

80 

-3.68 

—5 

06 

43 

— 7.S8 

-8.36 

—7 

29 

-7-47 

-6.58 

^Ss 

-2.48 

-2-49 

—5-43 

99 

^i,ii 

—5 

04 

—5 

§9 

-£.37 

—6.39 

—5 

31 

—6.30 

-6.2s 

-4.78 

-2.64 

—4-91 

95 

-3.89 

—3 

66 

—4 

—4.00 

-3-42 

69 

-4-04 

-4-67 

-2^63 

—2.62 

—3-56 

9 

-2.64 

87 

—1.40 

—0.61 

05 

_r.44 

—2.32 

—2.55 

—1.77 

—1-79 

—1.69 

70 

^,63 

3« 

29 

64 

f>-32 

-  -0.26 

-0.34 

-0.36 

—0.49 

+0.44 

06 

94 

15 

■  -3-17 

- -4-18 

-.4 

64 

-3-65 

-  -2,61 

+  1.80 

--1.14 

-  -0.99 

-  -2.38 

Noon 

55 

-  .2.99 

-  -3 

40 

--3 

85 

-  -5-98 

-.6 

-5-52 

-  -4.62 

-i-3-62 

-  .2.3S 

--2.36 

-  -403 

51 

-  -4-15 

-  -4 

40 

--5 

18 

"  "6-35 

--6 

99 

.6.94 

-  -6.39 

+4.95 

+3-16 

•  -3-30 

■  -5-zi 

-  -i 

-  -4-90 

--S 

23 

--6 

30 

-  -7.50 

+8.45 

-  -7 

24 

-7.71 

-  -7.56 

+^■^5 

--3-55 

-  -3-64 

-  -6,00 

3 

-  -4 

-  -5.16 

■-5 

41 

--6 

96 

-  -8.99 

-  -7 

■8.32 

-  -8.31 

ts-88 

--3.6S 

■  -3.53 

-  -6.36 

4 

-  -: 

75 

-  -4-74 

--5 

26 

--7 

29 

-  -8:24 

-  -9-03 

--7 

-8.32 

-  -8.31 

--3.«7 

-  -2.97 

-  -6.17 

5 

75 

-  -3.85 

--4 

62 

--6 

f 

-  -8-45 

--6 

68 

-7.70 

-  -7-27 

+4-70 

- -2-23 

-  -2.03 

■  -5-42 

6 

63 

-  -2.60 

--; 

--S 

87 

-  -6.79 

■-7->3 

--5 

50 

-6.40 

-  -5-33 

-t-3-03 

.-1.29 

+  1.29 

-  -4-19 

7 

+0 

85 

--1.61 

+; 

86 

-  -4.59 

-  -4.86 

+; 

67 

-3.90 

+2.76 

-  -0.49 

--2.55 

+0 

28 

-.0.S3 

62 

--1.8D 

--1.90 

03 

-1.09 

+0.60 

+0-37 

-  -0.03 

-  -d!26 

-  -0.90 

9 

—0.28 

-o-55 

-0,85 

^-85 

—0-44 

—0.47 

—0-13 

-0.38 

66 

— 0.43 

41 

15 

—1.66 

—2.09 

44 

-2.29 

—1.90 

—0.75 

—0,77 

—0-34 

— r.24 

" 

—0.97 

—1.07 

—2.  II 

—2-73 

— 3-53 

-3-37 

-3.36 

—2.80 

-1-32 

-1,04 

—0.60 

—1.99 

Comb's 

-0,68 

—0.53 

—0.05 

—0.43 

—0-32 

+0.10 

-^.48 

—0-54 

— O.S7 

—0.42 

—0.40 

6,2,9 

34 

-  -0.47 

+0 

13 

05 

—0.15 

~o 

37 

—0.20 

+0.04 

+0.26 

+0.20 

+0-34 

+0.06 

6.2.10 

-  ^o.z6 

08 

43 

— o!68 

-0,67 

80 

-0.68 

+0.16 

+0.10 

+0.27 

7.2.9 

-  -0-33 

+S 

14 

+0 

13 

+0.28 

+0.50 

+0 

29 

fo.19 

+^-iS 

+0,21 

+0.09 

+0,29 

+0.24 

7.2,9h, 

+0.29 

+0 

i6 

+" 

09 

+0.14 

+0.24 

05 

—0.07 

— O.IQ 

+0.05 

—0.05 

+0.1S 

+0.0S 

3,9.3.9 

—0.08 

+006 

-0.04 

—0.03 

0.00 

—0-05  j 

-0.04 

+  0.02 

-0.05 

—0.04 

— o.oS 

—0.03 

19    February,  1875. 
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146      TABLES   OF   DI  F  FE  KEH  CE  S  OF  MEAN   TE  MPEK  AT  UKE  S. 


Hour. 

Jan. 

Feb. 

Mar.      Ai^ril. 

Miiy. 

June, 

July, 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Cambridge,  Mass.     Lat.  42"  23'.     Long.  71'  07'  W.  of  G. 

Alt.  a.b!.ut  71  feel,      Oct.  184I,  to  Dee.  1842,  indnsive. 

0.6A.M. 

—0.90 

I°>9 

— 4°o5 

—3  551 

— 7?5o 

_7?68 

—5  53 

— 5°r6  - 

-  6!i7 

-  5°37 

-3°8i  1 

-2°I3i 

-;j 

6 

—1. 51 

-2:46 

-5^28 

—3 

—8.86 

-^.65 

—6 

74 

-6,01  - 

-7.5s 

-6.63 

17 

60 

—5 

40 

4 

-1.8s 

-3-39 

—5-59 

—4 

72 

—9-47 

—9-73 

-5 

60 

-6.85  - 

7-90 

-7-J3 

S3 

69 

—5 

6 

6 

—3.11 

—3-25 

—5.48 

03 

—4.92 

-2.59 

—3 

29 

-^.25  - 

-  8-26 

-7.28 

—4 

67 

—3 

61 

8 

6 

—4.92 

—2. 86 

35 

--2.51 

+2.76 

03 

-1.64  - 

0-37 

-  1.88 

57 

87 

29 

6 

+0.48 

--5-34 

--3 

59 

-5.99 

+6.62 

^6 

95 

7.38 

-  6.30 

-4 

57 

50 

69 

6  p.m. 

--4.42 

--5-00 

--7-97 

--5 

26 

--8.S5 

+8.8S 

-7 

50 

10-03 

-6 

72 

--5 

--7 

i5 

6 

-4-45 

--5-59 

--7.44 

+5 

56 

-  -9.45 

+9- '6 

-6 

96 

.6,65  . 

9-97 

-io!88 

-6 

75 

--4 

98 

--7 

4 

6 

-  -2.94 

+3-47 

--5,04 

OS 

--7.98 

+7-00 

-s 

-5.43  - 

7.31 

-  7-25 

-3 

64 

98 

+5 

09 

6 

6 

4-0.73 

—0.27 

+0.70 

35 

--3,60 

+4-31 

92 

f  0-56 

68 

29 

40 

8 

6 

—0.82 

-r.83 

89 

—2.13 

—2-73 

73 

-  2.25 

-  2.51 

77 

75 

10.6        i 

-^:6^ 

-0.S3 

—3.22 

—2-75 

-5. '3 

-6.25 

=:«! 

—3-50  - 

-  4-77 

-  4.21 

— 2-37 

='1 

The  following 

alues  for  certain  combinations  of  hours  were  obtsdned  by  a  process  of  graphical  interpolation,  the  1 

above  montWy  results  having  been  plotted  on  a  suitable  scale  for  tliat  purpose : —                                                               1 

Comb's 

1 

7-2,9 

+0.3 

+0-S 

—0.3 

+0.1 

+0.9 

+  1.4 

+"•5 

+0,3     - 

+  0.4  i+0.2 

+0.3 

+0.4 

7.  -.  9  bla 

+0.2 

+0.1 

—0.7 

+0,2 

—0,3     - 

-  0.7 

3.9-3.9 

—0.5 

+0.2 

+0,4 

+0-2 

+0,1 

+0,4    +  0-5 

+  o.|+„:. 

0.0 

+0.1 

The  above  results  arc  of  comparatively  little  value  ou  necouut  of  the  small  number  of  observations. 

Amherst,  Mass.     Lat.  42"  22'.     Long.  72=  34'  W.  of  G. 

Alt.  267  feet.      1839, 

Mdn't 

—2.50 

—1.70 

-4.S4 

-  4.92 

—4-75 

—5-50 

-5.32 

—4-53 

-5-39 

-3.99 

—2.39 

-1.98 

-3-98 

—3-90 

-2.7s 

—4.72 

-6.23 

—5-5' 

—6.66 

— S.'i 

-5-41 

--f-77 

33 

63 

—4.24 

—4.80 

-6.69 

—6-48 

—7.30 

Z6:g4 

-5-67 

—6.17 

"5-55 

98 

~t^6 

3 

—4.13 

—5.34 

-7.42 

—7-41 

-7-94 

— 7.29 

—6.04 

-6-97 

—6,36 

—3 

48 

55 

4 

—4.50 

—3-94 

-5.68 

-7-85 

— S.06 

-7-43 

—6,30 

—7.61 

—6,99 

—3 

71 

70 

-6:05 

S 

—4.72 

—6.03 

—  8-12 

ZsiiS 

-7.82 

-7-55 

—6.67 

—7.93 

-7.62 

—4 

—3 

32 

-6-36 

6 

—4.58 

— 4.7S 

—6.11 

—  7-77 

-6.77 

-S.98 

—6-03 

-S.82 

—7.49 

— 7-5S 

—4 

33 

—3 

78 

—5.92 

7 

-4.78 

-  5.97 

-3,81 

—4,49 

-$■37 

-6-77 

27 

—3 

97 

—4-77 

S 

—3-83 

-3.78 

—2.07 

—  3-04 

—1:62 

-1,97 

—2.57 

67 

— ' 

13 

9 

-..46 

—1.45 

-  -0.47 

_o.o8 

-  -0.60 

-uo^se 

4-3. 10 

+o!86 

-  -0,92 

-0.51 

—0-73 

33 

40 

—0.19 

-   -!.32 

+0.85 

-.2.58 

+  2.69 

+3-IZ 

+3.79 

-  -3.03 

-3.27 

--2.34 

44 

+0 

55 

+2.34 

■    -4.  10 

--2.72 

-  -4-78 

+  5-65 

4-5.66 

-1-6,42 

-  -5.44 

-5-99 

--5-I2 

--3 

+2 

76 

+4.73 

Noon 

■  "^'^6 

-  -4.26 

-  -6.39 

+  7-93 

-  -e:75 

+8.06 

+8,49 

+^.85 

-8- 1 1 

--7.16 

—5 

+4 

30 

+6.6^ 

-  -5-35 

-  -7.66 

-1-  9.46 

-  -8- IS 

+9-,14 

+8-82 

-9.07 

-  -8-34 

--6 

'3 

+6 

14 

+7,85 

--6.06 

- -8-35 

--8-75 

+S.98 

■  -9-49 

+7-85 

-9-75 

- -9.38 

--S 

98 

+6 

30 

+8,26 

3 

+7-32 

--8.12 

+  9-8' 

-  -8.27 

-  -7-49 

-  -7.66 

-9.15 

-  -9-34 

--5 

29 

+5 

60 

+7,70 

+S-SO 

-  -4.89 

--7-24 

+  8.61 

-  -7.86 

+  7.15 

-  -6.22 

-8.35 

•-S-34 

86 

+  3 

76 

+6-66 

5 

+332 

--5,65 

+  7-04 

-  -5-97 

+5.98 

-  -S-25 

-6-39 

--5-7S 

29 

+2 

+4-89 

6 

+2.06 

"-'-I'.'il 

+3-47 

+  4-50 

-  -4-08 

+4-18 

+4-16 

-  -2.81 

-3-47 

--3.60 

86 

+0 

68 

+  2,93 

7 

--1.05 

—0.16 

+  1.69 

-  -2.38 

+  1,90 

+1-53 

+  1-43 

-1.43 

+  1-34 

65 

+0 

31 

+  1.11 

8 

—0.64 

--0.43 

—  0.27 

--0.19 

—0,06 

—0,99 

—0,16 

07 

— 0,25 

9 

—1-50 

—0,28 

—  1.77 

-1.56 

-.,98 

-3.06 

-ilto 

—2.04 

— i!o6 

79 

69 

—1-53 

— 0.57 

—3.28 

-  3.31 

—2.73 

-3.22 

-3.80 

—3.02 

-3.5s 

'5 

—2-47 

" 

—2.43 

—1.19 

—4.28 

—  4-23 

-3.99 

—4.22 

-3,80 

—4.66 

—3.14 

—1-95 

-r-58 

—3-31 

Comb's 

10,10 

—0.34 

-0.35 

+0,19 

—0,06 

—0.19 

-1-0.27 

-  -0.24 

—032 

—0,06 

6,2,9 

+0.54 

--0.33 

+0,12 

4-0.29 

+0.1. 

+0.34 

+0 

13 

+0,14 

■fo.07 

+0.26 

29 

61 

+0 

6,  2,  10 

+0-3; 

--0.24 

—0.35 

— D.2S 

0,07 

—0.33 

+0.01 

17 

04 

7,2.9 

+O.S2 

'  -0.33 

+0.62 

+  0:89 

+0.96 

+0,93 

+0 

87 

+0.59 

+0-78 

+0.52 

31 

55 

+0 

65 

7.-^.  9  m, 

+  0-23 

+0.30 

+0-20 

+0.04 

+0-07 

+0.12 

03 

24 

+0 

3.9,3,9 

+o!o6 

^-0.22 

+0^34 

+  0.13 

-0.05 

—0,50; +0.23 

-fo-16 

+0.30 

--0.17 

-O.OI 

+0.08  j 

.            ■  I 
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Hour, 

Jan. 

Feb.        Mar.       Apr. 

May. 

June. 

July. 

Aug. 

Sept, 

Oct. 

Nov. 

Dec. 

Year. 

New  Haven,  Conn.     Lat.  41°  18'.     Long.  72"  56'  W.  of  G. 

Alt.  about  45  feet.     Partly  1779  tu  18G5,  partly  183S  to  1S5Z,  coiiEtrueted  fi-om  various  hours  of  ohservatioii. 

Mdn't 

— aisJ    ~-^%^  \ 

—3.71 

—4-65   — 5°40 

-5°8i 

—5.20 

—4.75 

—4-79 

-4.08 

-2,64 

-2.17 

—4.03 

—2.62 

—3 

34 

—4.32 

—5.43  — 6.37 

-6-93 

-6.17 

—5.57 

-5-63 

-4.84 

-3-18 

—2.49 

—3.00 

—3 

80 

-7.16 

—8.05 

—6-97 

-6,32 

-5-48 

-3. 68 

—2.82 

—5-38 

3 

— 3.34 

31 

-5-37 

—6.74 

—7-97 

-8.71 

-7-55 

—6.76 

—6.80 

-6.05 

—4.10 

—3. '7 

-59' 

4 

-370 

79 

-5.81 

—7.32 

—8.50 

— S.86 

-7.69 

—7.16 

-7.23 

-6.51 

—4-50 

—3.49 

—6-30 

S 

—4.07 

—5 

16 

—6.18 

—7- S3 

-8.38 

-8.17 

—7-39 

—7.10 

-7-35 

—6.81 

—4.80 

-3-78 

—6.39 

6 

—4-3+ 

30 

_5.09 

—7-15 

—6,60 

-6.13 

-6. 1 5 

—6.36 

—6.84 

-6.6S 

-4.80 

—3.97 

—5.86 

7 

—4.38 

—5 

—4.91 

—5.27 

—3-63 

—3.17 

—3.68 

— 4-ri 

—4.75 

—5-27 

-4.4S 

—3-96 

— 4-39 

S 

— 3.S2 

—3 

69 

—2.30 

-2.04 

-0.51 

+0.03 

—0.86 

—1.34 

—1,72 

-2.98 

—3.21 

—2.06 

9 

—1.33 

51 

+0.46 

-2.14 

-.2.68 

+  1.64 

-0.46 

-  -0.65 

--'■59 

48 

- -3.24 

-  -3^87 

-4.21 

::a 

-3-79 

-  -3-39 

--M8 

-3-52 

-  -2.24 

+  1^63 

--3-2I 

■  -3-63 

23 

+4.86 

-S-49 

--5.77 

■5-57 

+S.28 

-■5-65 

■5.65 

,.  .4.19 

-  -3-49 

-  -4-99 

Noon 

--S-I9 

-"5 

56 

-6. 78 

-6,98 

-.7.12 

-6.71 

-  -6.50 

-  -6.89 

-6.95 

-  -5-63 

-  -5-05 

- ^6.39 

-  -6.07 

-.6 

59 

-I-7.03 

-7-74 

-7-93 

-  -7.93 

-7-46 

-  ■7-30 

-  -7.67 

-  -7-75 

■  -6-37 

-  -5.85 

--7.14 

-  -6.34 

-.6 

95 

-  -7-47 

-8.32 

-  -8.51 

-  -8.32 

-7.81 

-  -7-69 

--8,04 

-  .8.08 

-  -6.57 

.  -6.12 

--7.52 

3 

-  -S.88 

--6 

76 

-  -7-34 

--8.35 

-  -8-53 

-  -8.25 

-7.71 

-  -7.62 

--7,89 

--7.71 

-  .6.19 

-'S-53 

--7.31 

-  -4.73 

--5 

78 

-  -5.60 

-  -7.S3 

-  -8.02 

-  -7.63 

--7.19 

--7.05 

--7-15 

-  -6.60 

-  -4.63 

--6.44 

5 

.  .2.S4 

+3 

Si 

-|-4'74 

-  .6.60 

-  -6.79 

-.6:48 

-6.13 

-  -5-89 

-  -4-47 

--z.SS 

-  -3.09 

6 

--1.39 

-  -405 

-  -4.72 

-  -4.31 

-4.18 

- -3-94 

--2.76 

--1.56 

--3.04 

7 

4-0.31 

62 

-  -'.47 

-1-I-65 

--2.16 

-  -2.03 

-  -1.92 

--I.I8 

4-0-50 

4-1.23 

S 

—0.49 

-0.57 

—0.61 

—0.62 

—0.08 

— 0.0S 

—0.37 

— 0.49 

—0.32 

9 

^3 

—1.66 

-1.98 

—2,33 

—1.82 

"Hi 

^1% 

-1.69 

-1.46 

—1.07 

—1.04 

—'-55 

-1-55 

84 

—2.40 

—2.97 

—3-47 

-3.28 

-2.79 

—2,85 

—2,42 

—'■59 

-1.46 

-2.46 

" 

-1.95 

-238 

—3-05 

-3.80 

—4-45 

—4.60 

-4-n 

-3.86 

-3-87 

-3-28 

-1.S2 

-3-27 

Comb's 
10,  ro 

+  0  03 

+0.32 

+0.42 

-i-o-45 

-f-o-37 

+0.72 

4-0-45 

+0.30 

+0,46 

+o,ss 

4-0.32 

+o,oS 

+0.37 

6,3,9 

30 

+0 

14 

09 

27 

+0.12 

16 

4-0.37 

+0 

04 

6,2,10 

'5 

_o 

of> 

34 

60 

52 

^.36 

—0.41 

^:'.49 

55 

33 

-  -0.06 

+0.23 

27 

7,3.9 

28 

+0 

+0 

30 

+0 

35    +0 

+1.11 

+0.83 

+0.64 

+0 

53 

4-0 

45 

4-0.34 

4-0.37 

+0 

53 

7.2.9w, 

o5 

'5 

19 

n\+° 

+0,38 

+0.2.    +0.07 

03 

+0.02 

4-0 

3,9.3.9 

+  0.03 

+o.rS 

+°--' 

+^:  .9  +0.12 

+0.10 

+□.04  1+0. 11 

+o!i6 

+0-19 

4-0:14 

+0,08   +0.13 

Brooklyn  Heights,  N.  Y.     Lat.  40°  41'.     Long.  73°  59'  W.  of  G. 

Alt.  .   .      Dec.  1847,  to  May,  1849,  inclusive. 

Mdii't 

zf 

—3-7 

—6.4 

—24 

-.. 

—2  9 

—3-1 

—2  0 

—  1,7 

-3..I 

6 

4 

— s 

5 

4 

—7.0 

S 

—I 

6 

—3 

5 

—2-5 

— : 

6 

9 

■9 

— 

8 

—5 

9 

—5 

—7.2 

—3 

—A 

—3.1 

3 

■5 

—5 

—6 

—5 

—7.3 

—3 

4 

—4 

— S 

—3-5 

— ' 

4 

■9 

—5 

—6 

—5 

7 

—7.2 

—3 

6 

S 

—4 

—5 

6 

-3-8 

—4 

5 

5 

6 

.0 

—4 

7 

—5 

9 

—5 

7 

— G.7 

—3 

6 

— 1 

5 

—4 

9 

-3-7 

—4 

6 

5 

■9 

7 

— S 

—5 

-5.6 

—3 

6 

6 

8 

—3,2 

—  1.9 

—4 

7 

6 

■9 

— . 

S 

—2.3 

9 

—3 

—1 

7 

—3-3 

— ''7 

—3 

8 

3 

-9 

6 

7 

-fo.7 

6 

8 

3 

-1,6 

6 

9 

3 

.9 

3 

+  1 

3 

8 

+  2,9 

+0 

4 

5 

—0,7 

+0 

.1 

+2 

+3 

7 

-f-3.9 

+0 

9 

-1-2 

3 

4-2 

+  1,8 

+0.6 

9 

" 

+1.9 

+^,4 

+4.0 

-I-51 

+4-8 

-1-5.7 

+2.6 

+3,s;+,.s 

--3-7 

4-3-5 

4-1-9 

--3 

7 
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Hour. 

Jan. 

Feb.       Mar.       Apr. 

May. 

June.  1   July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

- 

Brooklyn  Heights.  —Continued. 

Noon 

+3-0 

+3-6 

+4-9 

H 

h5-7 

+6.2 

h7.' 

--3.5 

-  -5°4 

+  5-6 

--4.8 

+4." 

--2.9 

-1-4.8 

+  3.6 

+4.5 

+5.6 

■ 

■7 

+6.4 

-7.7 

--6.3  ' 

-5-6 

--5 

i 

+5 

--3-4 

+5-5 

+3.9 

+4.6 

+6.4 

-8 

--6,4 

-8.0 

--4-4 

--5.0 

■s-s 

--5 

+5 

--3-7 

4-5.6 

3 

+3.4 

-f-4-5 

+6.5 

-7 

-5-7 

■7-9 

--4.5 

--4.9 

--5-3 

--5 

5 

+5 

+3-4 

+5.4 

4 

+  2.9 

+4.0 

+5.5 

■6 

--S-2 

.7.0 

--4.4 

-■4.0 

--4.5 

-.4 

4 

+3 

+4.S 

s 

+  1.8 

+3.2 

+4.2 

■^ 

6 

+4.0 

■5.3 

--3-6 

+  3-1 

--3-4 

+3 

+■ 

--1.7 

+3-3 

6 

+  1,1 

+  1,9 

+  2.6 

7 

■3.4 

+2,3 

+0 

-  -0.9  . 

4-2.0 

+0.6 

+  1.2 

+1-5 

9 

f-i-5 

9  -0 

+0-9 

+0.7 

+0.7 

4 

— 0-3 

--0.3 

0.0         0.0  1 

9 

+0.1 

+0.2 

4 

—^■3 

—'■5 

—0,6 

-0.6     -0.7 

—0.3 

-3 

—1.4 

" 

" 

-1,0 

—0,9 

—2.9 

—2.9 

-5.4 

—2.0 

—2-3 

—2,2 

-1.4 

—1.4      —2.4 

Comb's 

1 

lo,  lo 

--0.4 

--0.4 

+0.3 

+0-3 

+0.3 

+0.5 

ho.  5 

_0.2       -fO.2 

6,2,9 

+0^3 

+"■3 

--0.6 

+0:3 

+0^3 

+0.1 

-1-0,1 

+° 

K 

.0 

+0.4       +0.3 

6,2,  iO 

+0.2 

-fo 

4 

-fO,2               0.0 

7-2,9 

+0.3 

-  -0.3 

-0,9 

'^o.l 

+0.8 

+  1-4 

+^■3 

+0.3 

+0.4 

+0 

4 

+0.5      +0.6 

7.  ^9w, 

+0,2 

+0,2 

+0.3 

+0.2 

+0.7 

I^o.. 

-1-0. 1 

+0 

-1-0,2     1    4-0.3 

3.9.3,9 

--0.3 

+0.4 

+■=■5 

+0.1     -0.1 

0.0 

°°        +°'' 

above 

cstths  are  not  entitled  to  full  confidence,  eitlier  from  insufficiency  or  irregul 

rity  of  observation. 

Frankford  Arsenal,  near  Philadelphia,'  Penn.     Lat.  40'  00'.     Long.  75="  04'  W.  of  G. 

Alt.  24  feet.      Captain  Mordccay,    U.  S,  A.      1K36  and  1837.                                                         | 

Mdii't 

—2.68 

-3.06 

-3-33 

-sasi 

-452 

—6.84 

—5.92  —5.40 

-5.29 

—4.91 

—2.59 

-2.10 

-4.23 

—3.02 

—3-29 

—3-94 

-5:85 

-7.67 

—6.91 

-6.05 

—5.92 

-5-40 

—2.66 

—3-02 

—4-84 

—3.40 

-3-89 

--4.79 

— s 

24 

—5.86 

-^,39 

—7.90 

-6.84 

—6.86 

—6.01 

—2.86 

-3-38 

-5-54 

3 

-4.10 

.^.46 

-5-76 

— s 

48 

— 7.72 

—8.82 

—8.63 

—7.47 

-7.85 

—6.62 

—3-17 

-3-74 

-H^ 

4 

—4-79 

-6-53 

—7 

-8.03 

-8.64 

-8.64 

-7-S6 

-8-39 

—7.04 

—3.40 

-4.05 

—6.62 

S 

—5.20 

—5-54 

—6.64 

—7 

45 

—7.74 

-7.56 

-7.65 

-6-73 

—7-97 

—7.02 

-3.89 

^4.21 

—6.44 

6 

-5-06 

—5-29 

-5-90 

—6 

37 

-5.96 

— S-54 

-5-67 

-4.97 

—6.39 

-6.35 

—3,11 

—4.05 

-5-38 

7 

—4.23 

-4.52 

-4.30 

37 

-3.74 

—2.84 

—3.02 

—2-59 

-3-85 

—4-93 

—2-39 

—3.42 

-3-69 

—2,75 

—2.99 

91 

—1.28 

+0.07 

-o.r8 

—0.81 

—2.84 

—1. 31 

—2.18 

— I.S3 

9 

—0.77 

— 0.6S 

-fo!i6 

45 

+2.70 

-  -2.39 

+2.25 

-I-2.I6 

—0.27 

—0.41 

-  -0-77 

--1.40 

4-1.62 

-2.25 

36 

- -3.90 

+4.75 

-  -4.41 

-  -4-64 

+2.54 

-1-58 

-fi.71 

.  -2.8a 

-  -3-47 

-.3.98 

-3-96 

-3 

80 

■  -4.43 

+6.17 

-  -5-94 

-  -5-27 

+5.24 

-2.52 

--4-59 

Noon 

--5.1S 

--5.85 

■5 

- -5.29 

+7-13 

--7.ii 

-  -6.26 

+7-54 

-4.41 

+5-5' 

-  -6.03 

-  -6.4. 

-  -6.77 

'XT: 

■6 

--6.91 

+7.90 

--8.06 

■  -7. II 

--8.69 

+9." 

-5-36 

4-6.46 

--7.09 

--6.80 

--7.16 

-6.77 

■ 

■7 

18 

- -7.92 

+8.4S 

--8.71 

■  -7-83 

-  -9.16 

+9-81 

■5-72 

+6.58 

+7-67 

3 

--6.57 

--6.59 

-6.98 

■ 

■7 

94 

--S.51 

+8.75 

--8.12 

■  -9-oS 

+9.50 

.5.40 

+5-72 

--7.67 

4 

--5.69 

- -S-49 

-6-64 

■7 

99 

■-8.33 

+8.44 

+8!36 

-  -7-70 

--8.17 

-f8.24 

■4.41 

+4-37 

-  -6,98 

5 

- -4.28 

--4.21 

-5.63 

-7 

-  -7.30 

+7.27 

-  -6-75 

-  '6.32 

-  -6.39 

4-6.19 

■3-4Z 

4-2.77 

-  -5-63 

6 

--2'57 

--2.50 

-4,01 

-5 

'  -5.20 

+5-24 

-  -4-50 

-  ■3-87 

--3-7I 

■  1.26 

4-1.24 

--3-60 

7 

+0.83 

--r.04 

45 

-  -2.68 

+2.61 

+1.^7 

4-1. 51 

-  -1.08 

-I-1.22 

—0.32 

-  -1.42 

-0,65 

—0.27 

--0.14 

05 

--0.23 

—0.16 

—0.63 

—0.97 

—1-49 

-0.97 

—'■55 

-0.95 

— o.6r 

9 

—1. 71 

-1.48 

-'.37 

9' 

-1. 80 

-2.63 

-2.63 

-2.90 

-3-35 

-2.63 

—2.30 

—1.60 

—2,30 

—2.09 

-2.36 

97 

—3.22 

—4-55 

—4.03 

—4.14 

—4.41 

-3-74 

-2.59 

—2,03 

—3-20 

" 

—2-54 

—2.66 

-2-9S 

-3-38 

— 4,i5 

-5.87 

—5-04 

-4.84 

—4.91 

—2.05 

-2-39 

-3.76 

Comb's 

10,  10 

—0.45 

— 0.07 

—0.16 

+0.1 1 

+0.18 

-0.07 

-fail 

— O.S9 

—0.52 

-0.18 

6,2,9 

4-o.or 

+"■'3 

37 

+0.05 

+0,10 

+0-14 

4-0.28 

+0 

+0-31 

+0.03 

6,  2,  10 

—0.07 

—0,50 

72 

—0.42 

—0.54 

—0.55 

+0 

+0.17 

—0.30 

7.2,9 

+0.29 

+0.37 

+0 

30 

+0.79 

+  1.00 

'+',.11 

-fo.78 

+0.65 

+0-75 

+0 

34 

+0.52 

+0-59 

7.2.91,1. 

—0.07 

25 

+O.U 

4-0.09 

.fo.11 

—0.14 

—0-35 

—0.09 

32 

3.9.3.9 

These  four  hours  appear  to  have  been  employed  for  the  daily  meEins,  the  results  of  the  combination  being  aero. 

•  Fron 

Pmf.   A.  Guyot's   Meteorological   and   Physical  Tables,   Smithsonian   Misc.    Coll.;   Washington,    l8;S. 
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Hour. 

J.,.. 

Feb. 

Mar. 

Apr.    j   May. 

une. 

J»iy- 

Aag. 

Sept.   !    Oct. 

Nov. 

Dec. 

Year. 

Philadelphia,  Giiard  College,  Penn.    Lat.  39°  58'.    Long.  75°  10'  W.  of  G. 

All.  1 14  feet.      Jimc,  1840,  to  June,  1845,  inclusive.                                                                1 

Mdn't 

—1.42 

-2% 

-3°.6 

-3^96 

—4.70 

-S-28 

— 4°68 

-4''34 

— 4°32 

— 354I 

-„» 

—1.49 

—3.49 

—1.97 

—3.  II 

-3: 8 1 

—4 

—5.32 

—5-99 

-542 

94 

58 

—3 

92 

—1.91 

—4.01 

—3.51 

-4.36 

"5 

60 

-6.04 

—6.56 

-S-98 

—5 

42 

9S 

50 

—2.27 

— 4-51 

3 

—2.40 

—4.66 

—5 

96 

—6.72 

—7,21 

—6.48 

~S 

58 

—5 

—4 

92 

09 

—2.57 

-4-92 

—2.60 

—4.34 

-4.83 

-6 

38 

-7.38 

-7.68 

—6 

14 

—5 

76 

—5 

-3 

-2.85 

— S.32 

5 

-4.56 

—5-63 

48 

-7-26 

—7.21 

—6.70 

—6 

24 

—5 

98 

—5 

—3 

—3.17 

-S.48 

6 

—3-10 

-4.H 

-5.64 

—6 

-5-82 

-S-7S 

-5-64 

—5 

66 

—6 

—6 

16 

—4 

-3-41 

-S.18 

7 

—3.22 

—4.70 

—4.99 

48 

-3.70 

-3-36 

— 3.34 

—3 

82 

14 

78 

—3 

—3. 1 1 

-3-95 

8 

— z.So 

-316 

—3.01 

44 

— 1.4Z 

-0.96 

—1.08 

54 

32 

—2.61 

—2.13 

g 

—1.52 

—1.33 

46 

+0.78 

-  .0.97 

40.88 

38 

46 

—1.23 

+O.SI 

52 

+2.36 

-  -2.64 

-  .2.50 

54 

26 

07 

41-59 

--I-33 

-  -2.54 

-  -3 

30 

4-3.84 

-  .4,00 

-  -3 

84 

43.20 

Noon 

--2.56 

-  ■3.91 

-4.34 

■  -4 

90 

+5.00 

- -S-54 

--5 

14 

--5 

S6 

42 

--3 

-  -2.91 

44-52 

- -3-55 

■  -5-05 

■5-39 

-  -6 

14 

-1-6.04 

-  -6.56 

46^06 

-  -5 

92 

-  -6 

48 

48 

--4 

--3-65 

+5-50 

-.5.68 

-.6.14 

--7 

4-6.94 

-  -7-44 

-  -6.80 

--6 

82 

--7 

30 

26 

--5 

- -4.25 

-1-6.28 

3 

y-lll 

-  -5-95 

-  -6.^9 

--7 

38 

47.40 

-  -7.73 

.-7.08 

-  -7 

06 

--7 

40 

IS 

-5 

-  -4.03 

+6.44 

4 

'  -4-05 

-  -S-7' 

-  -6-59 

--7 

44 

-1-7.60 

■  -7.86 

-  -7.02 

-  -6 

96 

--7 

32 

92 

--4 

--3-65 

46.32 

5 

-  -2-73 

■  -4-57 

--S-44 

.-6 

58 

47.14 

-  .6.96 

-  -6.36 

-5 

92 

~-5 

92 

06 

--3 

--2-43 

-  -5- '9 

6 

+  1.91 

-  -2.91 

-  -3-57 

--5 

+S-58 

- -S-62 

-  .5.02 

--4 

50 

--3 

73 

86 

--'■73 

-  -3- 70 

7 

--1.72 

--2.44 

54 

+3-00 

+3. 12 

-  -2.S8 

52 

-  -0.99 

-  -1.97 

-  -0.43 

+  0+* 

+  1.39 

40.36 

-  -0.30 

04 

72 

28 

40.37 

-1-0.23 

9 

—0.15 

—0,31 

—1.06 

—'■S3 

—1.43 

42 

96 

30 

—0.03 

—0,74 

— 1.41 

-2:58 

— 2.S8 

—2.70 

56 

—3 

16 

46 

25 

—0.47 

—1.95 

" 

-i;68 

-2.13 

-3.16  —3.80 

—4.18 

—3.66 

-338 

—3-74 

—3-22 

—1-73 

—0.93 

—2.74 

Comb's 

lo,  lo 

-~o-37 

— o.zS 

~o.i8 

—031 

— o.oS 

—0.18 

6,^,9 

-  -0.32 

+0:18 

40 

—0,03 

-1-0.04 

—0.09 

09 

07 

18 

40.27 

-1-0.03 

6,2,10 

—0.09 

—0.30 

33 

—0.49 

—0.51 

47 

62 

45 

40.13 

7.2.9 

-  .o!2S 

-4-0.32 

+0,03 

+0 

59 

40-67 

+0.85 

4-o,6S 

40 

53 

+0 

40 

+0 

39 

28 

40.37 

g^ 

7.  2.  9w» 

+  0.09 

+0 

23 

40.20 

4-0.25 

40.15 

+0 

04 

'9 

03 

4-0.27 

3-9.3.9 

+0.05 

+  0.09 

— O.OI 

+"■" 

40.06 

40.01 

40." 

4-0:.. 

-1-0.26 

--0.16 

40.05 

-ho.oS 

Washington  City,  Capitol  Hill,  D.  0.     Lat.  38°  53'.     Long.  77"  01'  W.  of  G. 

Alt.  80  foct.     Lieiit.  J.  M.  Gilliss,  U.  S.  N.     Jan.  1S41,  to  June,  184Z,  inclusive. 

—2-73 

-2.83 

—3.60 

^.40 

— S-25 

-6-49 

—6.62 

—5. 20 

—5-37 

—3-90 

—1.93 

—2  20 

—421 

—3.00 

—4.19 

—4.82 

—5 

39 

—7-1' 

-7.28 

— 7.3I 

—6.90 

-6.  .7 

—5 

-3.03 

—2-54 

— S.24 

4 

—3-39 

—4-90 

—6 

»9 

—8.03 

-8.25 

—8.62 

-7-85 

—7.07 

_6 

SO 

—4-33 

-3-50 

—6.22 

6 

—4.36 

—5-23 

—6.20 

-5 

82 

-4.95 

-  5.06 

—4.76 

-6.33 

—6,78 

—7 

—4.93 

— S.47 

8 

—1.97 

—3-97 

-3.80 

3S 

—0-73 

4  0.31 

-0.63 

—2-34 

—3 

80 

—2.30 

+0.28 

-I-I.98 

71 

42.78 

4  4.05 

+2:98 

-  -4.07 

+2.95 

81 

-  -0.30 

--2.13 

2  P.M. 

.-3,1s 

-  -4;63 

--5.3I 

--5 

37 

--5-93 

4-  6.01 

-  -5-73 

--6.68 

-  -6.59 

+6 

50 

--3.50 

--5-3' 

- -5-73 

-  -7.10 

--7.53 

--7 

P 

-  -8.03 

48.61 

- -7.85 

--8,71 

-  -S.43 

--8 

-  -5-47 

--5.60 

- -7-41 

4 

--S.08 

-  .6.S7 

--7 

S9 

- -8.24 

-j-IO.II 

-  -9.36 

--8.07 

-  -8.23 

--7 

40 

-  -4-77 

-  -4.90 

6 

--1.5S 

+  3.81 

--3.89 

--. 

91 

+5-4S 

-f  3-57 

45.93 

--3-9' 

■  -4.23 

--4 

+3-57 

- -2.25 

8 

+0,38 

—0.03 

'3 

— o.6z 

-  1-03 

—0.47 

-0.54 

40.52 

40 

--0.56 

'"■' 

-0.8s 

-t.55 

—1.71 

—3-19 

—3.75 

-  4.62 

-3-84 

-3. '7 

—2.20 

-0.51 

I.OO 

-2-53 

By  me^QB 

of  interpolation  we  find  the  diurnal  ordiiiates  for  the  full  hours  of  combinati 

n,  as  follows  ;-              | 

Comb's 

10,10 

—0.4 

—0.3 

—0.5 

40  I 

—0-3 

6,2,9 

4-0.4 

4-0.2 

40.1 

+0-3 

4  0.2 

40:3 

40 

40 

--0.4 

40.2 

6,2,10 

—0.4 

—0-3 

—  0.4 

—0.3 

5 

3 

7.2.9 

+0.7 

+0.S 

+0.6 

+0.6 

+ii 

4-..0 

40 

40 

8 

40 

5 

40 

3 

-f-0'5 

40^7 

7.2.9^ 

+°-S 

+0-3 

+0.3 

40.2 

40.3 

40.3 

+0 

-1-0 

4 

+0 

40 

3 

4-0,3 

3.9.3.9 

--  0,2 

40.1 

-fo.i 

--O.I 
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150     TABLES    OF   D I  P  F  R  R  B  N  C  E  S  OF  MEAN   TEMPERATURES. 


Jul)'.        Aug.    I    Sept. 


Washington  City,  U.  S.  Naval  Observatory.'    Lat.  38°  54'.     Long.  77°  03'  W.  of  G. 

Alt.  i!o  feet,     Jiin.  1862,  lo  Dec.  1869,  inclusive. 


+4.58 
+6-79 
-i-3-63 


—6 

2fi 

—7 

OQ 

—7 

+  -^ 

TS 

+^ 

■  -4 

— 1 

—502 
—6.73 
-7.16 
+0.69 

+6-99 
+S.41 
+4.95 
—2.13 


—4-99 
-6.57 
— 7.49 
+0,10 
+7-3' 
+9.52 
+3-9S 
-1.84 


-5.84 
—7-03 
— 0-39 


+6.09 
+7-79 
+3-25 


Fort  Morgan,  Mobile  Point,  Alabama.     Lat.  30°  14'.     Long.  88°  01'  W.  of  G. 

Alt.  20  feet,      1851  to  Feb.  1853,  inclusive,  June,  1848  to  1850. 


'  The  differences  in  this  table  depend  0^ 
daily  mean,  which  is  only  an  approximatio 


11  of  S  equidistant  obsei 
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Gralveston,  Texas.     Lat.  29°  18'.     Long.  94"  47'  W,  of  G. 
All.  zofeet.         June,  1851,10  Feb.  1853,  inclusive. 


3  — 1 
5  —2 
7  —2 

5  —2 

6  —2 

5  —2 

6  4-1 

6  +3 

6  +3 

6  +3 

4  +3 
3  +2 
3  +2 
.6  +1 
9  +0 

■  5  — o 

6  — o 


Key  Westj  Florida.    Lat.  24"  3 

Alt.  20  feet.     June,  July,  Aug.  Ocl.  Dec.  I 


Long.  81°  48' W.  of  G. 
Jan.  to  May,  inclusive,  1852. 


+0-34 

VS. 


19 

—  1 

^ 

_J 

27 

7S 

—I 

32 

+0 

S"! 

+  > 

S9 

+  i 

n  of  Aug.  and  Ott.  for  Sept.  and  the  mean  of  Oct.  and  Dec.  for  Nov. 
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152  TABLES  OK  D 1  F  K  E  E  B  S  C  E  S  OF  MEAN  TEMPERATURES. 


Hour. 

Jan. 

Fe 

Mar.       Apr. 

May.    '  June.        July.    |    Aug. 

Sepl. 

Oct.       Nov. 

riee. 

Year. 

Key  West.— Continued. 

Noo„     '4 

-2.16 

4-2°66 

0 

2^6 

.f2.°9I 

f2°62 

-h2°67 

fr-8; 

.fir82 

-i!'8oj 

-'■49 

-1,17 

4-2.18 

-2.79 

75 

--3.12    - 

-I-3-02 

-2.82 

-3.23 

-3.36 

-S.27 

18 

-1.67 

-I-I5 

-2.50 

-2.97 

-2. 

87 

--3-3°   - 

m 

-2.64 

+if^ 

-2-43 

-2.32 

■'-75 

-1.28 

-2-57 

3 

-3-24 

-3- 

30 

--3-20  - 

2-94 

-2.76 

-2.40 

-2.27 

14 

-'■79 

-1.44 

--2.62 

3.31 

-3- 

66 

--3.06  - 

2.66 

+  2.  S3 

-2.74 

4-2!  6 1 

-2.30 

-2.15 

99 

-1.73 

-1.46 

■  -2.54 

5 

-2.79 

-1-3 

32 

-  -2.44   - 

-2-SS 

+  2.44 

-2.29 

-2.56 

-2.04 

-r.76 

49 

-1.23 

--096 

-2.16 

6        - 

1-34 

96 

+  1.23   - 

-2.22 

■f2.28 

"1-57 

-1.34 

-1-43 

-0-95 

47 

■fo.25 

--0.04 

-1.26 

7     ^ 

-0.14 

58 

-0.30   -\ 

-0.30 

—0.07 

-D.14 

-0.06 

fo.43 

-0.15 

14 

-0.32 

—0.49 

s 

-o-34 

'5 

^0.98    - 

-^.65 

—0.91 

—0.90 

—0.62 

-0.15 

—0.24 

33 

—0.43 

—0.53 

—0.52 

9 

-0.58 

49 

-0.95 

—1.44 

—1.09 

-0.60 

—0-57 

53 

— 0-33 

—0.79 

-0.98 

90 

— r.57    - 

-1.41 

-1,78 

—1. 71 

-0,92 

S3 

—0.14 

-J. 13 

11 

-1.39 

—1.35 

— 1.S6   - 

-1.70 

-2.28 

-1.78 

—2.06 

-1.18 

—1.04 

-0,56 

—0.09 

-r.36 

Comb's 

1 

j 

lO,  lO       - 

-0.08 

+0.22 

+0.26   - 

ho.  12 

+0.47,  4-0.19  1 

+0.21    +0.19  1 

4-0.21 

-1-023 

4-0,  .6 

4-0,09 

4-0,19 

6,  2,  9     - 

-O.OI 

23 

-0.24 

-0.37 

-0-3' 

-0.23 

—0.16 

09 

— o'5 

-0.23 

6,  2,  lO       - 

-0.13 

37 

39   - 

-0.39 

— o,6S 

-0.48 

—0,52 

— 0-37 

—0,28 

19 

16 

—0.34 

7.  2. 9     - 

-0.09 

+0.24 

-0.05  1 

+0.21 

-ho.09 

4-0.09 

-i-o 

—0.09 

28 

4-0.01 

7,2,9  m.   - 

-0.16 

28 

29   - 

-0.17 

—0.15 

—0.40 1 

—0.07 

06 

—0.17 

29 

-0.19 

3.9,3.9   - 

-0.16 

+0.09 

+0231- 

ho.  16 

+0.24 

+0.04 1 

+0.20 

■fo.11 

4-0.15 

4-0  19 1 

4-0.16 

4-013 

4-0.15 

Rio  Janeiro,  Brazil,  S.  Am.'    Lat.  — 2z°  54'.     Long.  43°  09'  W.  of  G, 

Foit  Villegagiion  (Con.  ties  Temps,  1S70). 

Mdn't 

000 

— 0.S9I— 1.06   - 

-0.23 

—0.14 

+0.29 

—0.92 

— o.5i 

-0.38 

-..3. 

—1.15 

-0.65 

-0.47 

-0-74 

5i|-i 

80   - 

-0.90 

—1-13 

— 0.56 

-1.85 

-1.31 

—1.04 

97 

76 

31 

—1.24 

-1.64 

41  1—2 

48   - 

-1.64 

—1.53 

—2.75 

-1.69 

64 

32 

OS 

—2.03 

3 

-2.50 

—3 

"1-3 

-2.32 

-2.93 

—2.43 

— 3-47 

112:66 

—2.27 

75 

66 

—2.70 

4 

—3 

90: -3 

24 

-2-79 

—3-38 

— 3-04 

-3S7 

—.3.04 

—2.59 

50 

93 

99 

-306 

5 

-3. 22 

— , 

291—3 

15 

-2.90 

-3-40 

—3.29 

-3-83 

_3.o8 

—2.66 

52 

79 

99 

-3-oS 

6 

-2.93 

84! -2 

75 

-275 

_3.o6 

-3-20 

—3.47 

—2.79 

—2.41 

F 

68 

—2.79 

7 

-2.30 

14 

—2.30 

—2.48 

-2.84 

—2.2s 

82 

67 

8 

-1.49 

49! -I 

40 

-1. 7 1 

—1.85 

—2.39 

ZVgl 

—1.60 

—1.46 

28 

90 

9 

--0.6S 

72 

59 

-1.04 

-1.15 

—  1.82 

—1.15 

—0.90 

--0.S6 

68 

14 

59 

-0.07 

+0 

05 

23 

—113 

^>.32 

-0.23 

05 

f 

23 

_o.i4 

-0.77 

86 

.0.45 

-  -0.23 

—0.32 

-  -0.50 

59 

C4 

4-0.61 

Noon 

-1.40 

64 

71 

-  -0.99 

-fo.65 

--1.31 

.-1. 19 

-hl-26 

80 

82 

4-i-35 

30 

30 

-1.94 

-  -1.71 

.  .1.67 

--2.16 

--1.91 

4-1.89 

78 

32 

43 

-2.41 

S 

66 

-2.41 

-  .2,48 

--2.8S 

16 

66 

Si 

4-2.52 

3 

-2-59 

34 

-2.66 

.  -2,99 

-  -3-40 

..2.84 

4-2.50 

27 

79 

4-2.77 

-2,45 

70 

77 

-2.57 

--2.75 

-  -304 

--3.60 

""  '^'H 

+2.36 

66 

59 

4-2.70 

S 

-2.05 

30 

SO 

-  -Z.S4 

-  ■2.75- 

-  -3.47 

78 

25 

09 

4-2-39 

6 

-1-5' 

82 

-..76 

-  -2.23 

--3.04 

-  -2.23 

4-I-S5 

37 

67 

49 

4-1.91 

7 

-1.04 

40 

67 

-1.28 

+  1.89 

..1.76 

-  -2-39 

--1.67 

-|-»-r3 

08 

4-0 

99 

4-1,44 

8 

-0.72 

13 

-0.95 

-  -1.67 

-  .1.42 

+  1.85 

■  -1.13 

-ho.83 

77 

59 

4-0 

61 

4-1.08 

9 

-0,59 

92 

77 

-0.72 

-  -1.44 

-   -1.25 

-  -0.70 

-ho.6i 

61 

14 

38 

4-0.79 

-0.56 

63 

25 

-0.52 

■-1.13 

-  -1. 13 

-  -0.59 

4-0-32 

4-0.41 

45 

23 

16 

-ho.  50 

" 

-0.41 

--0.14 

-0.36 1 

fo.25 

+0.63 

+0.86 

—0,09 

-0.09 

4-0.09 

-  0.16 

^.6s 

0.14 

-fo,i8 

Comb's 

-0.31 

-  -0-34 

ho.  24 

-  -0.31 

000 

4-0-13 

-ho.04 

4-0.30 

--0.16 

4-0,14 

6%ll 

-0 

-0.13 

-  -0.23 

+0.3 1 

4-0-13 

^-0.18 

'7 

--0.16 

-fo.17 

4-0-I7 

6,  2,  10 

18 

-0 

05 

-0.06 

--0.04 

4-0.10 

4-0.08 

7.2,9 

-0.23 

49 

-0 

43 

-0.28 

-  -0.42 

-  -0.30 

4-0.47 

4-0:31 

-  -0.32 

32 

-  -0.38 

4-0-36 

4-0.36 

7,2,9^:, 

-0.32 

59  1- 

.0 

5>i 

fo.39 

-  -0.67 

-  -0.54 

4-0.6S 

4-0.41 

--0.39 

4-0 

39 

4-0.32 

4-0.36 

-ho.47 

3.9.3.9 

rheso  four  liours  appear  to  have  been  employed  for  llie  daily  means,  the  result  of  the  combiiiatiou  being  zero,  i 

1  From    Prof.    Guyol's    Meteorological    and    Physical    Tables,   Smithsoniai",    Mise.    Coll.;    Wasliingloii,    1S58. 

Table  by  Dove. 

Hosted  by 


Google 


TABLES    OV    DIFFEUENCKS    OF   MEAN    TEMPERATURES.     ]53 

For  systematic  comparison  of  the  law  of  the  diurnal  fluctuation  we  present  the 
resulting  hourly  numbers,  on  the  yearly  average  as  contained,  in  ttie  table  of  differ- 
ences, in  an  analytical  form,  making  use  of  Bessel's  periodic  function — ' 

t  =  A-\-B^sm(6-\-  C)  +  A  sin  {20 -\-  (7,)  +  A  sin  (3  ^  +  C^)  +  etc. 

'  See  Bessel'e  paper  in  the  Astro noraiache  Nachrichten,  No.  136  {May,  1838).  His  first  publica- 
tion on  tlie  subject  is  contained  in  tlie  Litei-ary  Gaaett*  of  Jena,  in  1814. 

See  also  a  memoir  by  M.  A.  Bravais  in  "  Voyages  en  Scandinavie,  en  Laponie,  au  Spitzberg  et 
anx  Feroe,  pendant  les  annees  1838,  1839,  et  1840,  Mefceorologie."  An  extract  is  given  by  M.  J. 
Haeghens  in  the  "  Anouaire  Meteorologique  de  la  France  pour  1850,  p,  93. 

See  also  Sir  J.  Herschel's  Article,  "  Meteorology"  in  the  Encydoptedia  Britanoica.     Reprint,  p.  144. 

The  genera!  fovmulje  given  in  tbis  article,  when  applied  to  the  case  of  24  equidistant  obaervations 
in  a  cycle,  change  into  the  foliowiug  expressions,  which  were  employed  for  the  nuraerical  compntations : 

^=^\(.i/i  +  y.  +  v,  +  —  +yJ 

l^ai  =  0M\6(y,  —  y„~~-y„  +  yJ+0.seQ(y,  —  y,„  —  y„  +  y,,)  +  Q.101(y,~-y,  —  y,,+y„) 
+  0.500  {y,  —  y,  —y,,  +  y„)  +  0-  359  (y.—y,  — y,,  +  yj  ~y,,  +  y,, 

nb,  =  i).ib^(y,  +  y,,  — y„  —  y,,)  +0.b<}O{y,  +  y„  —  y,,~yJ  +  0.101  {y,  +  y,  —  y,,  —  yj 
+  0.8&^iy,  +  y,  —y„—yj  +0.n6(y,  +  y,  ~y,,  —  yj  +y,—y^ 

B.  =  x/  d  ■:  _|_  6  =      and     tan  C,  =  -' 

l2a,=QM6(y,-~y^~y,+  y,,+y,.^y„—y,,+  y.J  +  0.bOO{y,—y,—y,+y,„  +  y,,  —  y,,  —  y,„  +  y,,) 

Ub,=0M0{y,+y,~y,—y„  +  y,,  +  y„—y„—y,,)+QM6{y^+y,--^y,—y^,-[-y,^+y>«—y'>«—y..) 

+  y,—y<,  +  yi-.—y2, 

Ua,  =  0.10'i  (y,  —  y,^y^  +  y,  -f-^/g  —  yu  — J/.s  +  yu +  2/,,— -^ii,  — !/2,  +  J/53) 

—  y*  +  J'e  —  !/i.  +  ^16  —  y^o  +  y^. 
12&,  =  0.107(?/i4-y3— s/s  — 1/,  +y^  +^1,  — ^13  — J/a  +  J/n  +  i/,u  — y»z  — ^sJ 
+ 1/.  —  J/o  +  Vu  —  3/14  +  !/ia  —  y,i 
\2a^  =  i)M0{y,  —  tj,  —  y,  +  y^  +  y,  —  y,  —  !/io+yu  +  y.3  — J/u  — !/.=  +  J/j; +y,.  — yM'-2'..  +  ''J 

—y.  +  yt,—ys  +  y„~'y>!,  +  y>6—ya  +  y^ 

13  b^  =  0.8U (y,  +  y,  —  y^—yf,  +  y,  +y^  ~2/i»  — yii  +  i'i3  +  yii~*/io  — J/h +  !/is  +  i/5o  — !/»—!/») 
etc. 

The  values  B^  B^B^.  .  and  C,  G^G,.  .  are  found  in  a  similar  manner  as  B,  and  (7,. 

For  IS  equidistant  ohservatious  in  a  cycle,  as  in  our  bi-hourly  series,  we  use  tlie  formula; : 

^=-hiy,-\-y,  +  y?.  +  -  ■  +^12) 

6  «i  ^0.866  (j/,_-!/-  — J/, -I- ?/J  +  O.SOOfe  — y,  — y^ +  !/«)— !/« +  y.5 
eb,^0.500ly,  +  y^  —  y,-^y„)  +  0.86&iy,  +  y^^y,~yj  +  y,  —  y„ 

&a,  =  Q.5Q0iy,  —  y,  —  y,  +  y,  +  y,~y^--y,„  +  y,,)-^y,  +  y,—  y^  +  yy, 
&h^(i.S&%(y,+y,  —  y,  —  y,+y,  +  y,  —  y„  —  y,,) 

^o-s=—y,  +  yt—yc+ys—yia  +  yi, 
^h=    yi—y^  +  y^—yT^y^  —Vn 

6a,  =  0.500(— yi  —  j/j  —  y^  —  j/j  — J/,  — i/j  —  y,„~i/„) +  ;/,-!- )/j+;/a  +  4/,3 

The  vakes  iJ,  B,  B^B^.  .  and  C^  C,  G^G,..  are  found  as  stated. 

The  above  expressions,  together  with  others,  are  given  in  Coast  Siit'vey  Report  of  ISfiS,  Appendix, 
No.  32  (with  erratum  in  18(56  report), 
20     Fekroarv,  1S75. 
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We  retain  three  periodic  terms  as  generally  sufficient  for  our  purpose.  The  angle  9 
counts  from  midnight  at  the  rate  of  15°  an  hour ;  at  those  stations  where  the  obser- 
vations were  not  made  at  the  full  hours,  the  angles  C\,  Cj,  Cg  were  changed  in  the 
expression  for  t  in  order  to  refer  them  to  the  same  epoch.  The  table  also  contains 
the  latitude  (^),  the  longitude  (X),  the  elevation  (Ji)  of  the  station,  and  the  num- 
ber of  years  («)  of  observation.  The  column  headed  T  contains  the  annual  mean 
temperature  or  the  mean  of  the  twelve  monthly  averages. 

Nv,merical  quantities  in  BessePs  /unction  for  the  n aUjY  Jluctuaiion  of  temperature^ 
on  the  yearly  average. 


Vail  Kensselacr  Harboi 
Port  Foulke    .      .      . 
Port  Kennedy      ,     . 
Boothia  Felix.     .     . 

Sitka 

Montreal  .  ,  .  . 
Thunder  Bay  Island 
Toronto  .... 
Molmwk  .... 
Cambridge      .     .     . 

■New  Haven  .  .  . 
Brooklyn  .... 
Frankford  Arsenal  . 
Philadelphia  .  .  . 
Jackson  .... 
Washington,  D.  C.  . 
Foil  MoT^aii  .  .  . 
Key  West  .... 


50,90 
53.52 
70.24 
76.63 


254  04 
247  24 
239  59 


232  54 
237  41 


A  better  insight  into  the  systematic  character  of  the  co-efficients  and  epochal 
angles,  as  far  as  they  depend  upon  the  latitude  and  local  conditions,  can  be  had  by 
a  combination  of  the  results  into  groups.  The  hourly  values  for  the  stations 
forming  a  gi'oup  were  combined  into  mean  values,  and  then  submitted  to  the 
numerical  process,  which  produced  the  following  results ; — 

Types  of  the  daily  fiuetuaiicm  of  Hie  temperature  on  the  yearly  average. 

Group    I.     The  four  Arctic  stations.     ^^  =  74°. T     / ,.,  ^    82^.5.  4  years. 

t  =  -f.    2°.23  +  3M1  sin(e  +  24;^°.6)  +  0°.14  sin(2  0  -\-  66'^.3> 
+  0.04  sin  (3  a +  216°). 

Group  II.     The  Alaska  station.  ^    :^57°.l     ?.    =  135°. 3.  13  years. 

t  ^  +  43°.03  +  3°.46  sin  (6  +  240°.0)  +  0°.66  sin  (2  (i  +  66^6) 
+  0.09  sin  (3  (5 +  330°). 

Group  III.     Four  stations  inCanada  and 

Northern  New  York.    ^^  —  44". 3     X,„  =    1T.8.  16  years. 

t=-\-  44°.U  +  5°.08  sin(a  +  225°.5)  +  0°.89  sin(2  6  +  48°.2) 
+  0.21  sin  (3  6 +  50°). 
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Group  IV,     I'our  stations  in  Mass., 

Conn,,  and  N.  Y.  ^^  :=  41°. 7     X,„  =    72°.6.  More  tlian  4  years, 

t  ^  _|_  48°.65  +  6°.27  sin  (9  +  232°. T)  +  1°.38  sm(2  0  +  61M  ) 
+  0.10  sin  (3  0  +  359°). 

Group    V.     Three  stations  in  Penii. 

and  Bist.  of  Col.  ^^  —  39°. 6    X^  —    75*.8.  15  years. 

I  =  +  63°.38  +  6='.55  siii(^  +  22S°.7)  +  l°.27  sin(2  6  +  48°.l) 
+  0.35  sin  (3  0  +  M°). 

Group  VI.     Two  Gulf  stations.  <j)„  =  2TA     ?.,^  =    84°, 9.  2  years. 

t  =  +  73<'.44  +  2°.75  sin(0  +  227°.8)  +  0°.70  sin  (2  ^  +  57°.5) 
+  0.17  sin  (3  0  +  31"). 

The  hourly  means  from  which  these  expressions  were  derived  are  contained  in 
the  following  table  : — 


Observed  Daily  fluctuation  of  temperoA 

ji  (/)(?  yearly  average 

,/ 

or  groups 

Of 

Stations. 

■• 

J  I. 

III. 

IV. 

V. 

VI. 

I. 

II, 

III, 

IV. 

V. 

VI. 

13 

■2 

^ 

-ri 

ffi 

a 

Hour. 

ml 

a 
« 

ijil 

i! 

ii 

i 

n 

HOUK 

Hi 
mi 

i 

llll 

ill 

5.     d 

II 

Midii't 

— 1?8 

— 2°4 

—i-9 

-1.8 

Noon 

4-2°0 

^ 

h4-3 

+6°i 

kJ. 

+2% 

t 

—3.7 

—3-4 

—4-4 

—4.4 

■4 

■q.o 

•-; 

+  2 

0 

—5.0 

—4.9 

■< 

r'i 

0 

--'! 

i 

-7.4 

-1-^ 

3 

—2-9 

—5.4 

--t 

■7-4 

4 

5 

—I 

+ 

— 3-0 
—2,9 

—4.9 

— S-7 
— S-8 

—6.2 

— zis 

4 
5 

ii 

h3 
1-2 

9 

" 

h5-3 
1-4.3 

+4 

1 

r'i.4 

+  2 
+  2 

9 

1 

—2.4 

—4.4 

— 5.7 

6 

7 

-I 

+3-1 

■l-S 

+  i 

7 

s 

—3-4 

-4-3 

7 

■^ 

S 

-1-1.5 

« 

1 

+  0,2 

+0.4 

+  ' 

+  i,S 

+  '■4 

+2,5 

+2.2 

+  i,i 

7 

—  !.6 

—2-5 

" 

+  I.S 

+'■' 

+  2.8 

+4.; 

+4.. 

+  1.8 

—'■5 

—2.1 

—2,2       1     —3,3 

—i 

At  several  stations,  interpolation,  graphical  or  analytical,  was  required  to  com- 
plete the  hourly  values  before  they  could  be  combined  into  groups.  I'rankford 
Arsenal  and  Philadelphia  values  were  united  into  a  mean  and  then  combined  with 
the  Washington  values. 

By  means  of  the  equations  we  readily  find  the  following  times  of  greatest,  least, 
and  average  heat  of  the  day  and  of  the  daily  range,  on  the  yearly  average. 
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r.  M. 

Miri.  Ill 
A.  \\. 

Wuaii  .at 

A.  M.    j     r,  M- 

Rang., 

Group     I  .      .     . 
II  .     .     . 

III  .     .     . 

IV  .     .     . 
V  .     .     . 

VI  .      .     . 

1  46 

2  28 

I  "56™ 

3  43 

4  31 
4  24 
4  28 
4   54 

4  28 

8"  o" 

8  23 

9  12 

8  53 

9  01 
9  °4 

y  OS 

7  24 

7  42 
7  54 
7  49 

4''.  3 
10.6 
13,6 

5.9 

Mean  III,  IV,  V 

z  17 

7  Sr.     !    1..4 

The  results  of  the  daily  fluctuation,  as  given  above,  may  be  summed  up  as 
follows : — 

The  daily  range  diminishes  from  about  latitude  40°  in  cither  direction  north  or 
south.  The  precise  latitude  of  maximum  range  cannot  yet  be  given.  Diagram  A 
shows  the  extremely  small  ranges  in  latitude  75°  and  in  latitude  37°,  the  former 
produced  by  the  small  range  in  the  sun's  altitude  during  the  Arctic  day,  the  latter 
by  the  equalizing  effect  of  the  aqueous  vapor  near  the  Gulf  coast  notwithstanding 
the  sun's  great  daily  range  in  altitude  near  the  tropic  of  cancer.  Diagram  B  shows 
the  large  daily  range  for  the  stations  comprising  groups  IV  and  V,  and  the  some- 
what smaller  one  for  group  III, 


Diagram  A. 
;    10  N.    2     /     6     s     10  M'dt 


^ 

i 

- 

- 

- 

1 

# 

i 

^ 

^ 

- 

i 

The  greatest  heat  of  the  day  is  reached  earher  in  the  high  than  in  the  low 
latitudes ;  with  the  mean  annual  temperature  near  or  below  the  freezing  point,  the 
warmest  time  of  the  day  is  about  \\  P.  M.,  in  the  middle  and  lower  latitudes  this 
epoch  changes  to  9J  P.  M.  The  greatest  depression  in  the  daily  fluctuation  occurs 
in  the  Arctic  regions  about  two  hours  after  midnight,  in  the  temperate  zone  about 
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4|  A.  M,  or  about  one  hour  and.  a  half  he/ore  sunrise.  The  epochs  of  mean  daily 
temperature  are  subject  to  less  variations  with  respect  to  latitude  than  the  epochs 
of  the  daily  extremes.  In  the  Arctic  regions  the  mean  temperature  of  the  day  is 
reached  about  8  A.  M.,  in  the  temperate  regions  about  9  A.  M.,  and  again  about 
7|  P.  M.  and  about  8  T.  M.  respectively. 

The  material  for  the  discussion  of  the  daily  fluctuation  for  stations  in  the  Missis- 
sippi valley  and  in  the  western  states  and  territories  is  yet  wanting. 

The  annual  variation  in  the  range  of  the  daily  fluctuation  is  shown  in  the  follow- 
ing table.  From  want  of  completeness  in  the  records  the  tabular  numbers,  in  many 
instances,  are  the  result  of  interpolation,  and  they  can  only  be  considered  as  close 
approximations. 


Monthl-y  v 


t  of  the  RANGE  of  the  daily  fluctuation. 


January 
February  . 
March  .  . 
April  .  . 
May .  .  . 
June  .  . 
July.  .  . 
August  .  . 
September  . 
October  . 
November  . 
December  . 


Arctic  Region?. 


Group  JI. 

Alaska. 


GROUrs  IV  ^\:  V. 
Mass.,  Conn., 


J.      F.    M.    A.    M.    J.     J.     A.    S.     O.   N.    D.     J, 


At  aU  stations,  of  the  above  table,  between  the  Gulf  of  Mexico  and  the  Arctic 
Sea,  the  daily  range  is  a  minimum  in  December;  this,  however,  is  the  only  feature 
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they  have  in  common,  as  shown  in  diagrams  C  and  D.  In  the  first  diagram  the 
curves  for  the  northern  stations  appear  single-crested,  in  the  second  the  curve  of 
the  middle  latitude  stations  is  double-crested  and  that  of  the  Gulf  stations  exhibits 
three  or  more  elevations  and  depressions,  all  ill-defined.  The  marked  feature  of 
the  low  latitude  range  is  its  great  uniformity  throughout  the  year.  In  the  Arctic 
regions,  with  the  returning  day,  the  range  suddenly  rises  to  its  maximum  in  March ; 
in  Canada  and  northern  New  York  the  range  is  greatest  in  July  or  about  the  time 
of  greatest  heat;  along  the  coast  from  Massachusetts  to  the  District  of  Columbia 
the  range  attains  two  maxima,  one  early  in  June  the  other  late  in  September,  with 
an  intermediate  depression  of  range  during  the  hottest  season.  As  our  observations 
become  more  extended,  other  features  in  the  march  of  the  daily  temperature  will 
undoubtedly  make  their  appearance,  and  those  already  recognized  will  become 
better  defined.  At  San  Francisco  especially,  it  would  be  interesting  to  have  a  series 
of  hourly  observations,  extending  at  least  over  one  year,  this  locality  being  other- 
wise noted  for  anomalous  temperature  relations.  According  to  Dr.  Gibbons  the 
coldest  and  warmest  periods  of  the  day  are  not  far  from  sunrise  and  noon,  and  by 
taking  the  differences  of  the  mean  monthly  temperatures  at  these  times,  as  given 
in  the  Smithsonian  report  for  1854,  p.  231  and  foU,  For  the  years  1851  to  1854, 
I  obtain  the  following  table  of  daily  raiige  of  temperature  at  San  Francisco. 


January 12°. i 

February 14.0 

March 15.3 

April 16.5 

May 14,9 

Ji"ie i6.3 


J'-iiy is''7 

August 12.8 

September     .     .     .     .     .     .  14.9 

October 16.  i 

November 13.7 

December 1 1.5 


These  numbers  are  approximations  only,  yet  they  indicate  a  comparatively  large 
range,  a  minimum  range  in  December  and  two  maxima — one  in  spring,  the  other 
in  autumn. 

The  modification  which  the  daily  fluctuation  undergoes  in  the  course  of  a  year 
can  be  advantageously  brought  out  by  a  comparison  of  its  value  in  December  when 
near  the  least,  with  its  value  in  June  when  not  far  from  its  greatest  development. 

The  fluctuations  observed  at  Van  Rensselaer,  Port  Foulke,  Port  Kennedy,  and 
Boothia  Felix  were  united  into  a  mean,  those  at  Thunder  Bay  Island,  Toronto, 
Mohawk,  Amherst,  and  Philadelphia  into  another,  and  those  at  Fort  Morgan,  Key 
West,  and  Galveston  into  a  third;  these  localities  are  designated,  Arctic  stations, 
Temperate  stations,  and  Gulf  stations  respectively. 

Before  taking  means,  the  record  for  Galveston,  Texas,  was  made  complete  by 
interpolation. 
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Extremes  of  daily  Jhicluaiion  in  December  and  June. 


Aiclic  Stations  (4). 

Temperate  Stations  (5). 

Gulf  Still 

OU.   (j). 

De 

J... 

Dec. 

June. 

Dec. 

Juue. 

Md'iit 

\ 

-3°^ 

-i"s 

—49 

—  I  3 

— 2.°o 

I 

— 0 

2 

—3 

9 

2 

2 

—6 

0 

4 

—i 

3 

2 

— 0 

3 

—4 

2 

5 

—6 

7 

— I 

6 

—2 

5 

3 

—0 

?, 

—3 

5 

2 

7 

—7 

3 

— I 

8 

—2 

8 

4 

— 0 

4 

6 

2 

9 

—7 

6 

2 

0 

—3 

0 

5 

— 0 

4 

— I 

6 

—3 

— 7 

5 

2 

4 

—3 

4 

6 

0 

4 

.—0 

7 

9 

— 5 

9 

—  2 

5 

2 

7 

7 

4 

+° 

3 

9 

6 

7 

8 

0 

+  ^ 

4 

.^1 

5 

I 

I 

, I 

8 

H-0 

3 

9 

0 

0 

+  1 

8 

—I 

4 

+  1 

0 

—  0 

6 

+' 

3 

+0 

I 

+  2 

4 

+0 

3 

+3 

9 

+  1 

I 

+■ 

9 

II 

+0 

3 

+2 

8 

+1 

9 

+4 

6 

+  2 

0 

+^ 

6 

Noon 

+0 

S 

+3 

+3 

+6 

I 

+  3 

4 

+  2 

7 

I 

-ho 

4 

+3 

3 

+4 

I 

+7 

0 

+  2 

7 

+3 

0 

2 

+0 

3 

+3 

3 

+4 

6 

■+7 

6 

+  2 

S 

+3 

3 

+0 

+2 

9 

+4 

5 

+  7 

7 

+  2 

9 

+3 

4 

+0 

I 

+^ 

4 

+3 

7 

-^7 

5 

+  2 

8 

-f3 

5 

+  0 

2 

+^ 

7 

-f2 

4 

+6 

6 

+  2 

0 

+2 

6 

+0 

2 

+1 

0 

+1 

5 

+5 

+  1 

r 

-pi 

7 

+0 

2 

+0 

2 

+0 

5 

-f  2 

8 

+° 

4 

— 0 

8 

+0 

2 

— ^0 

5 

+0 

+° 

0 

0 

— I 

9 

+0 

I 

. — 1 

3 

— 0 

4 

— I 

7 

0 

3 

— I 

lO 

+0 

I 

— 2 

— 0 

8 

_2 

9 

0 

6 

— 1 

8 

" 

—O.I 

—2.6 

—1.2 

^4.0 

—I.I 

-'    1 

The  above  numbers  are  plotted  on.  diagrams  E,  T?,  and  G.  These  diagrams  show 
plainly,  in  December  the  morning  minimum  later  and  the  afternoon  maximum  earlier 
than  in  June ;  also  the  morning  and  afternoon  epochs  of  mean  daily  temperature 
later  in  December  (nearly  two  hours)  than  in  Jmie,  but  in  the  temperate  latitudes 
the  afternoon  hour  (8  o'clock)  answers  for  the  time  of  the  winter  as  well  as  for 
the  time  of  the  summer  solstice. 
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The  Ti'cinity  of  San  Francisco,  Cal.,  probably  presents  the  greatest  anomaly  yet 
noticed.  Dr.  H.  Gibbons  remarks^  that  at  Sau  Francisco  the  warmest  period  of 
the  day  in  winter  is  from  1  to  2  P.  M.,  but  in  summer  (May  to  August)  it  is  an  hour 
or  two  earlier  owing  to  the  sea  breeze,  which  springs  up  about  noon  or  soon  after, 
instantly  depressing  the  temperature.  In  the  season  of  the  westerly  breezes  the 
temperature  is  rapidly  reduced  and  the  change  is  effected  long  before  snnset,  after 
which  time  the  thermometer  shows  but  little  variation  till  the  following  morning. 
Under  the  influence  of  this  brisk  sea  breeze,  the  rays  of  a  high  sun  fail  to  impart 
any  appreciable  heat  to  the  air.  These  conditions  are  quite  local  and  the  attending 
phenomena  respecting  the  daily  and  annual  fluctuations  are  confined  to  the  vicinity 
of  the  Bay  of  San  Francisco,  though  traces  of  it  appear  at  all  stations  along  the 
western  coast  exposed  to  the  immediate  influence  of  the  westerly  winds  from  the 
Pacific  ocean.  Observations  of  the  daily  march  of  the  temperature  in  these  locali- 
ties are  specially  desirable.  For  the  study  of  the  eifect  of  height  on  the  daily 
fluctuation  no  material  is  at  present  available,  but  our  records  show  that  under  this 
condition  it  may  become  quite  excessive ;  at  elevated  regions  the  air  is  comparatively 
dry  and  the  sun's  rays  reach  the  ground  but  little  impeded,  while  at  night  radiation 
is  going  on  with  great  energy  from  the  comparative  absence  of  an  absorbing  medium. 
The  great  interior  basin  bounded  on  the  east  by  the  Eocky  Mountains  and  the 


The  climate  of  San  Fri 


;  Smithsonian  Animal  Report  for  1854,  p.  ^31  and  fol]. 
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Sierra  Madre,  on  the  west  by  the  Sierra  Nevada  and  including  the  regions  of  the 
Colorado  River,  also  the  northern  portion  of  the  E.io  GrEinde,  furnishes  msmy 
interesting  examples  of  an  excessively  large  daily  range,  the  magnitude  of  which 
may,  in  a  measure,  be  inferred  from  the  following  comparisons  of  the  diiference  of 
temperature  at  the  observing  hours  7  A.  M.  and  3  P.  M.,  or  at  the  time  of  sunrise 
and  3  P.  M.,  for  a  few  selected  places,  located  in  New  Mexico,  Texas,  Arizona,  and 
California.  With  the  exception  of  Fort  Yuma,  which  is  but  200  feet  above  the 
sea  level,  these  stations  are  all  at  considerable  elevations. 

Average  difference  in  the  temperature,  between  smirise  and  3  P.  M.,  or  between 
"i  A.  M.  and  2  V.  M.,  taken  from  the  monthly  means  at  these  liours  of  observation, 
[Army  Met.  Regs,  for  1855  and  I860.] 
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The  mean  daUy  range,  for  any  month  or  for  tlie  year,  at  any  of  the  above  stations 
is  necessarily  several  degrees  higher  than  the  corresponding  tabular  difference 
since  the  morning  and  afternoon  extremes  do  not  take  place  at  the  hours  of 
observation ;  even  the  tabular  numbers,  when  contrasted  with  the  observed  daily 
range  in  other  parts  of  the  United  States,  appear  excessive,  and  imperfect  as  they 
must  be  owing  to  the  short  number  of  years  and  the  great  variability  of  the  quan- 
tities themselves,  the  annual  fluctuation  of  the  differences  given  in  the  last  column 
presents  quite  a  regular  double  crested  curve.  The  maximum  daily  range  occurs 
in  March  and  April,  a  second  smaller  maximum  in  October  with  minima  in  July 
and  August,  and  again  in  December,  the  latter  minimum  being  apparently  a  com- 
mon feature  within  the  boundaries  of  the  United  States,  The  great  development 
of  the  daily  fluctuation  at  Albuquerque,  N,  M.,  would  recommend  this  station  as  a 
suitable  locality  for  an  extended  hourly  series  (to  be  recorded  with  a  self-registering 
instrumenf).     Such  observations  would  greatly  assist  in  establishing  corrections  to 
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the  mean  temperature  derived  from  the  ordinary  hours  of  observation  (7  A.  M.  and 
2  and  9  P.  M.)  in  order  to  refer  them  to  the  true  daily  mean. 

A  tabic  of  the  daily  fluctuation  for  this  place  would  answer  for  most  stations 
situated  within  the  elevated  and  arid  region  generally  known  as  the  great  interior 
basin,  as  well  as  for  the  regions  of  the  upper  Bio  Grande  and  of  western  Texas. 

In  some  instances  the  recorded  mean  monthly  difference  between  the  morning 
and  afternoon  temperatures  rises  to  40°,  and  if  the  observations  are  to  be  trusted 
to  45°;  the  corresponding  daily  incidental  range  is  equally  great  and  for  the  regions 
described  above  it  is  not  uncommon  to  meet,  in  the  morning,  with  a  temperature 
below  the  freezing  point  and  to  experience  in  the  afternoon  of  the  same  day  a  heat 
rising  to  70  or  80°  Fah, 

Variability  of  the  temperature  at  any  hour  of  the  day  from  the  normal  value  of 
that  hour. 

To  complete  the  investigation  of  the  general  laws  of  the  daily  fluctuation  we  have 
yet  to  inquire  into  the  amount  of  digression  of  the  monthly  mean  of  any  observed 
hourly  temperature  when  compared  with  its  normal  value. 

These  irregular  variations  are  most  readily  ascertained  by  a  comparison  of  the 
monthly  means  for  each  hour  of  the  day,  given  separately  for  a  series  of  years,  with 
the  mean  of  the  combined  years  for  each  hour.  By  this  method  we  completely  free 
our  results  from  the  effects  of  the  annual  fluctuation,  and  have  the  advantage  of 
presenting  the  probable  error  to  the  hourly  temperatures,  as  given  in  the  first  set 
of  tables  for  each  month,  provided  the  particular  table  was  derived  from  a  single 
year  of  observations ;  if  the  tables  are  constructed  from  n  years,  the  probable  errors 
require  a  division  by  y'n  in  order  to  represent  the  probable  uncertainties  of  their 
tabular  numbers. 

With  a  special  view  to  this  investigation  the  Mohawk  table  of  hourly  tempera- 
tures is  given  in  full,  from  1860  to  1868,  only  six  years  of  hourly  observations, 
however,  could  be  utilized  for  the  present  purpose.  At  Philadelphia,  the  Girard 
College  series  furnished  hourly  means  for  nearly  5  years  from  1840  to  1845,  At 
Sitka  a  scries  of  hourly  observations  (with  omissions  of  5  readings  in  each  day) 
was  taken  from  the  records  of  the  observatory,  for  5  years,  selecting  1847-8-9 
and  1862-3-4.     For  Toronto,  Can.,  the  results  are  copied  from  Table  Vll^  of  the 
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"  Results  of  meteorological  observations  made  at  the  magnetical  observatory,  during 
the  years  1860-1-2."  G.  T.  Kingston,  Director.  Thfs  table  is  headed  "Probable 
variability  of  the  monthly  means  of  temperature  at  each  of  the  6  observation  hours, 
in  a  single  year,  together  with  their  halt-yearly  and  yearly  averages,  from  the  years 
1854  to  1862  inclusive,"  and  the  deduction  from  the  results  is  stated  as  follows: 
The  warm  hours  arc  most  liable  to  disturbances  of  temperature  in  the  warm  months, 
and  the  cold  hours  in  the  cold  months,  and  altogether  the  abnormal  digressions  are 
greater  in  the  colder  half  year  than  in  the  warmer. 

A  series  of  hourly  observations  continued  for  6  years  is  barely  sufficient  for  the 
investigation  and  the  results  for  the  three  winter  months  (Dec,  Jan.,  Feb.)  were 
contracted  into  a  mean,  also  the  results  of  the  three  summer  months  (June,  July, 
Aug.) ;  it  was  not  deemed  necessary  to  investigate  the  six  remaining  months,  since 
the  law  is  seen  to  change  gradually  from  season  to  season,  the  variability  of  the 
temperature  of  any  hour  being  nearly  the  same  about  or  after  the  epochs  of  the 
equinoxes. 

Probable  error  of  the  monthly  mean  temperature  for  any  hour  of  the  day,  derived 
from  a  series  of  years. 
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The  Toronto  results  arc  in  the  main  confirmed  by  those  at  the  other  stations, 
and  there  is  no  doubt  a  much  closer  accordance  would  be  obtained  from  longer 
series  of  records.  In  winter  the  maximum  variability  occurs  a  few  hours  after 
midnight,  or  about  the  period  of  the  maximum  cold  of  the  day ;  in  summer  the 
reverse  of  this  happens,  the  maximum  variability  then  occurs  about  3  P.  M,,  or 
about  the  period  of  maximum  heat.  In  winter  the  greatest  constancy  is  noted  about 
2  P.  M.,  but  in  summer  the  temperature  is  most  steady  some  hours  after  midnight. 
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The  progression  of  the  tahular  numbers  fi'om  hour  to  hour  is  quite  regular,  particu  ■ 
larly  for  Mohawk.  The  amount  of  variation  is  nearly  the  same  at  Toronto  and 
Mohawk,  but  less  at  Philadelphia  and  Sitka.  In  general  the  variability  in  winter 
is  more  than  double  that  of  summer ;  this  latter  variation  will  be  foiind  further 
investigated  under  the  head  of  the  annual  fluctuation. 

In  winter  the  maximum  variability  at  any  hour  is  to  the  minimum  variability  as 
5  to  4,  and  in  summer  as  8  to  5. 

Multiplying  the  above  average  probable  errors  i  2'.8  in  winter,  and  ^  1°.2  in 
summer  by  y*  30.4  or  by  5.5  nearly,  we  have  an  approximation  to  the  probable 
error  of  an  observed  temperature  at  any  hour  of  the  day  at  these  seasons,  with 
reference  to  the  normal  values  of  that  hour,  month,  and  season.  These  quantities 
are  ±15°  and  i  7°  respectively. 

Any  attempt  to  deduce,  for  any  given  time  and  place  at  the  earth's  surface,  even 
approximately,  the  daily  fluctuation  of  the  temperature,  as  far  as  it  depends  upon 
the  variations  of  the  sun's  altitude^  and  with  consideration  of  the  loss  of  heat  by 
absorption  while  passing  through  various  depths  of  atmosphere,^  must  lead  to 

'  Let  ^  =  the. sun's  zenith  distance,  6  its  declination,  t  the  hour  angle,  then  for  the  laiitude  ^ 
cos  f  =  sin  ^  sin  6  -["  •^''^  *  ''"^  *  '^^^  '- 
from  which  expression  the  altitude  or  depression  of  the  sun  for  any  hour  of  the  day  may  be  computed. 

'  If  we  treat  the  length  of  the  oblique  path  of  a  ray  of  heat  passing  through  the  atmosphere  simply 
as  a  geometrical  problem,  it  is  given  by 

hence  for  the  c 


"'  cos'  f  -I-  2r?t  +  A''— J-  cos  f, 
c  of  a  horizontal  ray  (irrespective  of  refraction), 


i  =  */  $rh  -j-  k% 
where  r  =  the  earth's  radius  and  h  =  the  height  of  the  atmosphere.  Taking  for  instance  ft  =>  45  st. 
miles,  at  which  elevation  twilight  yet  indicates  the  presence  of  air  capable  of  reflection,  and  r  =  3956 
miles,  we  find  that  horizontal  ray  must  traverse  nearly  600  miles  of  atmosphere  or  13.3  times  the 
vertical  thickness,  if  h  =  1i  miles,  which  is  the  average  height  at  vrhich  shooting  stars  become  in- 
candescent when  coming  in  contact  vrith  the  atmosphere,  the  length  of  path  is  about  110  miles  or  10. i 
times  the  vertical  thickness.  The  decrease  of  heat  of  inclined  rays  is  greater  than  that  resulting  from 
the  inverse  proportion  of  the  length  of  tract,  and  is  due  to  the  density  of  the  air  increasing  geometrically, 
while  the  depth  increases  arithmetically.  The  following  measures  of  atmospheric  tract  and  of  calorific 
effect  on  a  surface  vertically  exposed  to  the  ray,  is  extracted  from  a  table  given  in  the  Encyclopiedia 
Britannica  (8th  edition),  article,  climate ;  it  supposes  that  of  one  thousand  rays,  veitically  incident  on 
the  outer  boundary  of  the  atmosphere,  only  150  will  be  transmitted  through  it  and  received  on  the 
ground.  The  numbers  in  the  column  headed  "S"  are  compnted  by  the  formula  (f)  ''  given  in 
the  article  meteorology,  according  to  which  only  661  rays  reach  the  ground.  The  last  two  columns 
contain  the  number  of  rays  incident  on  a  horizontal  surface,  obtained  by  multiplying  the  nnmbers  in 
the  preceding  columns  by  cos  f. 
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unsatisfactory  results,  for  the  reason  that  the  distribution  of  heat  passing  into  the 
atmosphere  directly  and  indirectly  through  surface  radiation,  evection,  and  conduc- 
tion, and  the  amount  parted  with  by  radiation  during  the  night,  as  well  as  the 
modifying  influence  of  the  aqueous  vapor,  present  far  too  complex  phenomena  to 
be  accounted  for  numerically.  We  have  already  seen  that  the  absolute  amount  of 
vapor  and  the  relative  humidity  arc  among  the  causes  sufficient  to  impress  a  totally 
different  character  upon  the  range  of  the  daily  fluctuation,  from  that  we  might 
otherwise  have  expected  from  the  meridian  altitude  of  the  sun  and  the  length  of  its 
diurnal  arc. 
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SECTION  III. 


DISCnSSlOS  OF  THE  AMUAL  FLUCTUATION,  OF  TUB  MONTHLY  AND 

ANNUAL  EXTREMES  AND  OF  THE  SECULAR  VARIATION  OF 

THE  ATMOSPHERIC  TEMPERATURE 


TABLES  OF  RESULTING  TEMPERATURES  FOR  BACH  DAY  OF  TEE  YEAR,  OP 

OBSERVED  MONTHLY  EXTREMES  AND  OP  ANNUAL  MEANS  FOR  A 

SUCCESSION  OF  YBABS, 


The  <m,nual  fiuchmtion  of  the  temperature. — The  annual  fluctuation  in  the 
temperature  of  the  lower  atmosphere  is  exhibited  in  the  progression  of  the  succes- 
sive monthly  means,  for  a  great  number  of  stations  in  the  General  Temperature — 
Tables  of  Section  I,  but  it  may  also  be  shown  by  the  tabulation  of  the  mean 
temperature,  derived  from  a  series  of  years,  of  every  day  of  the  year.  The  latter 
method,  while  more  advantageous,  is  also  more  laborious  than  the  first,  but  is 
indispensable  in  inquiries  respecting  certain  suspected  irregularities  in  the  annual 
fluctuation. 

In  the  application  of  Bessel's  periodic  function  to  the  case  of  the  annual  fluctua- 
tion of  the  temperature  as  derived  from  the  monthly  means,  corrections  are  required 
for  the  inequality  in  the  length  of  the  calendar  months,  and  for  curvature  or  differ- 
ence in  the  inean  monthly  temperature,  and  the  temperature  for  the  middle  of  the 
month.  The  first  correction,  for  unequal  length,  affects  principally  the  mean 
annual  temperature,  and  but  slightly  the  periodic  terms  in  the  epochs;  the  second 
correction,  for  curvature,  affects  only  the  amplitude  of  the  fluctuations.  These 
corrections  may  be  applied  separately  and  for  each  month  before  the  application  of 
the  periodic  function,  especially  in  the  case  where  the  temperature  for  each  day  is 
known.  When  we  have  to  make  many  applications  of  the  formula,  it  becomes 
desirable  to  reduce  this  labor  as  far  as  is  possible,  without  sacrifice  of  accuracy 
There  is  no  need  for  introducing  these  small  corrections  to  results  from  short  series, 
and  it  suffices  to  state  the  rules  for  complete  quadriennia,  in  which,  consequently, 
the  mean  length  of  February  equals  28.25  days,  and  the  year  365.24  days  nearly ; 
the  average  or  normal  month  comprises  30.44  days  nearly. 

The  mean  temperature  for  the  months  of  normal  length  may  readily  be  computed 
by  means  of  the  following  epochs  of  the  ending  of  each  month— 

23     February,  1875.  (   ^51)  \ 
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Normal  munihs;  January  ends 
February  " 
March  ' ' 

April  ' ' 

May  " 

Juae  " 

July 
August 
September  " 
October      ' ' 
November  " 
December  " 


3,44  of  thu  3iat  of  Calendar  month. 


0.56" 


2d 

March. 

2d 

April. 

3d 

'  May. 

ist 

June. 

2d 

'  July. 

I  St 

'  August. 

I  St 

'  September 

I  St 

'  October. 

ISt 

'  November 

I  St 

'  December 

midnight  of  the  31s 


To  make  use  of  these  expressions  we  require  to  know  the  mean  temperature  of 
certain  days  near  the  beginning  of  each  month ;  this  may  either  be  taken  directly 
from  the  observations  or  may  be  computed  from  the  monthly  means.  In  Sillinian's 
Journal  of  Science  and  Arts,  May  numbers  of  1866  and  of  1867,  Mr.  E.  L,  Dc 
I'orest  has  presented  the  case  in  a  different  and  very  convenient  form^  by  using  the 
monthly  means  already  computed  and  finding  corrections  thereto,  employing  the 
means  of  the  months  preceding  and  following.  Practically  the  results  by  the  two 
methods  are  identical.  The  general,  effect  of  the  correction  for  inequality  is  to 
increase  the  annual  means  by  a  small  fraction  of  a  degree. 

To  exhibit  the  magnitude  of  the  monthly  corrections,  the  results  for  the  New 
Haven  series,  extending  over  nearly  86  years,  may  serve  as  a  sample.  The  second 
column  contains  the  uncorrected  or  calendar  means,  the  third  and  fourth  the  cor- 
rection to  reduce  to  months  of  mean  length,  according  to  first  and  second  methods, 
the  last  column  gives  the  corrected  means. 


'  On  pago  316  of  Sill.  Jom-n,,  No.  129  (May,  ISeT),  we  find  the  expressions  for  the  normal  months, 
^  by  means  of  the  calendar  months,  1 


s  follows 

_ 

0037  OT,    + 

0030  W!jj .0067  OTj 

0127^2  — 

0031  «,    +.0158^5 

0028  m^  — 

0249 '"l   +.0221  W, 

0042  m^  — 

0200  OTj   +,0242OTs 

0016 OTj  — 

0218  w/,+. 0202  ,«g 

0039  OTj   — 

OlSOf^j   +.02I9J«, 

0026 w,  — 

0200^8   +.OI74«ig 

0025  "'s  — 

0103  J«,    4.  .0078  TO, 

0027  »!c,   — 

0067  Wj  -{..O094mio 

00303/11,— 

0085™,  4-.0055)Mi 

0026  III,,  — 

0046  "'n,+  -0072  W/ij 

0032  M/ij  — 

0064  w;j|  +  . 0032  B!j 

Mr.  De  Forest  also  remavts  that  the  tei-m  T ^  A  -\-  B,BiB  (b  -\-  0,)  obtained  on  the  supposition  of 
calendar  months  will  be  very  nearly  corrected,  for  temperate  climates,  for  the  inequality  of  months 
by  taking  T— A  +  Mil  B,-]-B,  sin  (_e -\- C,  +  W).  The  effect  on  the  periodical  terms  involving 
mnltiples  of  e  is  small  and  variable.  They  are  preferred  in  the  form  ±  A^smn(9  —  e^),  as  deter- 
mined by  sio  (wfl  +  £^„)  =  sinw{e  — 1(360°  — i;„))  or  — Sinn (e  —  -  (180  —  ^„))  according  to 
•^.i>or<thaa  180°,  the  arce,.  indicates  the  position  of  the  first  intersection,  and  the  ascending  or 
descending  wave  is  shown  by  the  sign  of  the  term.     In  the  osual  form  the  signs  are  all  positive. 
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Calendar 

Corrc 

tion 

Con-'fl 

1  Calendar 

Corre 

Corr'd 

Month, 
Mean. 

I. 

11. 

Mean. 

Mondi. 

I. 

II. 

Mean. 

January 

26°. 46 

o°.oo 

D°    00 

26°. 46 

July 

71°. 69 

-l-o''.o6 

+o=.o7 

71  =  . 76 

February 

28.08 

+0.12 

+0.12 

28.20 

August 

70.24 

—0.07 

—0.07 

70.17 

36.03 

-0.46 

+0'43 

36.47 

September 

62.49 

—0.18 

—0.16 

62.32 

April 

46.96 

. 

-0.44 

+0.47 

47.42 

October 

^1.06 

— 0.T5 

■ — 0.16 

50.90 

57.28 

. 

-0.41 

+0.42 

57-70 

November 

40.28 

—0.14 

40.16 

June 

66.96 

^ 

ho.  27 

+0.28 

67.24 

December 

30.42 

— o.oS 

—0,08 

30-34 

Uncorrected  annual  mean     48°.  996 

Correction                              -|-  0.099 

Corrected  mean                         49'095 

The  monthly  correctioiis,  beginning  with  January  and  continuing  in  reguhir  pro- 
gression, for  two  extreme  cases  are  given  below,  viz.,  for  Key  West,  Flo.,  with  an 
annual  range  of  about  14°. 7,  for  New  Haven,  Conn.,  with  about  46°.7  and  for  Fort 
Snelling,  Minn,,  with  about  61°. 8. 


Key  West 
New  Haven 
Fort  Snelling 

° 

--.04 

+^11 
+.44 

+.46  !  +  ,43 
+.63  J+-47 

0 
+.09 

+.28 
+.38 

+  .02 

+.07 
+.04 

—.07 

—,04 
—,19 

-.05 
— ,16 

0 

—.04 

—■03 
—.08 

Expressed  in  parts  of  the  half  of  the  annual  range  or  nearly  as  a  multiplier  of 
Si,  the  correction  to  the  mean  temperature  of  the  year  derived  from  the  mean 
temperature  of  the  calendar  months,  in  order  to  obtain  the  true  mean  derived  from 
the  daily  means,  has  been  determined  for  a  number  of  stations  as  follows : — 

Appi'ox.  Value  of 
Locality.  Half  Range.  Factor. 

Fort  Snelling,  Min.            .          .         ,          ,          ,  30°. 9  Fah.         0.0043 

Brunswick,  Me.        ......  24.2  41 

St.  Louis,  Mo.          ......  24. 1  38 

Fort  Laramie,  Wyo.          .          ,          .          .          ,  23.7  37 

Albion  Mines,  Nov.  Sco,           ....  23.6  50 

New  Haven,  Conn, 23.3  44 

Toronto,  Can. 22.8  45 

Providence,  R,  I .  32.6  44 

Marietta,  Ohio 21.4  43 

Austin,  Tex.     . 16.0  34 

Charleston,  S.  C 15.9  34 

Sitka,  A!aa 12,3  39 

San  Diego,  Cal 9.5  36 

Key  West,  Flo 7,3  38 

San  Francisco,  Cal. 4.9  23 

The  factor  seems  to  diminish  with  a  diminishing  range,  but  is  sufficiently  constant 
and  equal  to  0.0043  for  half  ranges  above  20°,  and  equal  to  0.0036  for  half  ranges 
below  20°.     The  San  Francisco  value  is  known  to  be  exceptional. 

The  effect  or  correction  to  the  epochal  angles,  Cj  O^  G^,  may  be  seen  from  the  fol- 
lowing selected  expressions  of  typical  stations:  — 
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Extent  of 

Calendar 

Stiition. 

Series 
in  Years. 

Mean  Mo. 

^ 

i!, 

-^2 

-^3 

i^i 

'• 

FortSnelling,  Min. 

42 

Cal  f 
Mean  1 

44°  53 
4465 

30° -03 
30-03 

i°.6o 
1. 71 

0^65 
0.69 

239  46 

208". 8 
209.4 

■84°.4l, 
.82.7  j- 

(_al       f 

49  00 

22 

0 

27 

0 

,19 

233  37 

2,8 

0 

>39-4 

ral       \ 

49  ^o 

234  'S 

283 

140,3   i 

49 

52  -4 

21 

0 

79 

0 

41 

'3H  38 

284 

I 

73.«  I 

S2  ii 

42 

279 

7 

77-«  ) 

San  Diego,  Cal. 

20 

r,i      I 

Mean  1 

6:!  11 

8 

7S 
78 

^ 

59 

S8 

° 

17 
19 

234  07 
224  50 

28s 
28, 

7 
8 

•56.7  ! 
.6,.,  J 

Key  West,  Flo. 

26 

Cal  I 
M.an| 

77  05 
7708 

7 

7 

33 
23 

° 

29 
31 

0 

19 

228  49 

229  34 

"35 
"33 

7 

343-6  1 
243-=  ) 

>  Un<jorre«ed  fo 

daily  (lucluation. 

The  terms  in  B^  and  B.^  arc  of  no  practical  consequence  in  the  present  inquiry. 
The  difference  in  the  angle  O-i  for  calendar  and  mean  months  is  for  Fort  SneUing, 
Min.,  -|-  48';  for  New  Haven,  Conn.,  +  48';  for  Marietta,  Ohio,  -f  47';  also  (Sill. 
Journ.,  May,  1866,  p.  377-378)  for  St.  Paul,  Min.;  New  York;  and  Charleston, 
S.  C,  +  46',  and  for  San  Diego,  Cal.  +■  43' ;  for  Key  West,  Flo.,  +  45'.  We  can 
therefore  correct  our  expressions  derived  from  the  calendar  months,  for  their 
inequality  in  length,  by  substituting  for  stations  having  a  range  hetween  the  hottest 
and  coldest  months  exceeding  40°, 

A  +  0.0043  B,  for  A  and  G,  +  47'  for    d, 
and  for  stations  having  a  less  range, 

A  +  0.0036  B,  for  A  and  0,  +  45'  for    C,. 

The  effect  on  C^  and  Cg  appears  irregular,  and  may  therefore  be  omitted  as  of 
little  importance ;  the  values  of  _Bg  and  S^  are  not  sensibly  affected. 

The  preceding  five  expressions  for  the  annual  fluctuation  refer  to  the  middle  of 
December  for  their  epoch ;  hence,  in  order  to  count  the  angle  d  from  the  Jirsi  day 
of  January,  we  must  increase  Cj  by  15°,  C^  by  twice  15°,  and  C3  by  thrice  15°. 

The  second  correction  is  nearly  zero  in  April  and  May,  and  again  in  Oct.  and 
Nov.,  and  reaches  a  maximum  (a  few  tenths  of  a  degree)  in  July  or  August,  and 
again  in  January  or  February,  the  monthly  amounts  changing  gradually,  with 
opposite  sign  for  the  half  year  when  the  temperature  is  above,  and  the  half  year 
when  it  is  below  the  mean.  Since  the  mean  monthly  temperature  is  numerically 
less  than  the  temperature  corresponding  to  the  middle  of  the  month,  the  parameters 
of  the  fluctuations  must  be  increased,  and  the  correction  for  curvature  is  effected^ 
by  multiplying  the  parameters  or  values,  B^  B2  B^  .  .  .  ,  as  found  without  regard 
to  this,  by  the  factors, 

37t 

12 


12 


27t 

12 
™12 


respectively.      To  allow,  there- 


■12 


fore,  for  curvature,  we  increase  the  co-efficients  Bj  B^B^  .  .  .  as  ordinarily  obtained 


'  A.  Bravais  in  "Voyages  en  Scandinavie,  etc." 
ologie,  Vol  2,  pp.  291  and  325.     Paris,  18     . 


Pendant  lea  amiees  1838,  1839,  1810.     Meteor- 
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by  their  -^-^  ,  -}i   ■,  ^  ■  ■  ■  ■  part  respectively.     Inversely,  if  we  wish  to  compare 
computed  monthly  means  with,  observed  means,  the  respective  multipliers  are 

sm-j-g  sm  ^.^  sm  ^^ 

7t  Srt  '  37t 

12  12  \2 

In  the  case  of  incomplete  monthly  means,  one  or  more  being  wanting,  the  func- 
tion may  still  be  employed  by  first  finding,  by  interpolation,  graphical  or  analytical, 
values  for  the  terms  omitted,  and  obtaining  first  an  approximate,  and  by  a  second 
or  third  (if  necessary)  application  an  exact  expression  for  T.  h'or  the  supposition 
of  one  month  being  omitted  in  the  observations  or  'iju  in  the  values,  v/,  y^  y-i  .  ■  .  ^n, 
wanting,  Mr.  Bravais  gives  the  formula  • — 

y^  =  j  (yi  +  2/s  +  2/r  +  2/ii)  +  U2/«  —  2/3  —  ^4  +  ^c  —  ya  ~  ya  +  Vid 

+ 1 1/3  (2/i  —  y^  —  2^7  +  2/ii) 

The  expressions  for  two  or  more  adjacent  ordinates  are  too  complicated,  and  of 
too  little  use  to  be  inserted  here. 

In  connection  with  the  use  of  the  periodic  function,  a  table  giving  the  value  of 
6  for  each  day  (noon)  is  herewith  appended.^ 

'  Table,  as  given  by  Mr.  De  Forest — 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

J"iy- 

Aug. 

Sepl. 

Oc(. 

Nov. 

Dec. 

1 

0=30' 

3'°3' 

58°S3' 

V^fr" 

119"  I' 

I49°34' 

179°  8' 

209=4'' 

240=15' 

269=49' 

300=22' 

329=56' 

I  29 

32  2 

59  52 

913  26 

15033 

180  7 

21040 

241  14 

270  4S 

3DI  21 

330  55 

3 

2  23 

33  I 

60  51 

91  Z5 

151  32 

.81  6 

211  40 

242  13 

271  47 

302  20 

331  55 

4 

3  27 

34  0 

61  51 

92  24 

121  58 

153  31 

182  5 

212  39 

243  >2 

27246 

303  20 

332  54 

5 

426 

34  59 

6250 

9i   ^3 

122  57 

153  30 

•83  s 

213  38 

244  II 

27345 

304  19 

3Z3   53 

6 

5  25 

35  59 

63  49 

94  22 

123  56 

'54  30 

■84  4 

214  37 

24S  10 

274  44 

305  IS 

334  52 

6  24 

3S  58 

64  48 

95  21 

124  55 

155  29 

185  3 

21536 

246  9 

=75  44 

306  '7 

335  S' 

8 

7  24 

37  57 

C5  47 

9620 

125  55 

156  28 

186  2 

21635 

247  9 

276  43 

307  16 

336  SO 

9 

8  23 

38  56 

66  46 

97  19 

.2654 

157  27 

1S7  I 

2'7  34 

248  8 

277  42 

308  15 

337  49 

9  22 

39  55 

I)?  45 

98  19 

127  53 

158  26 

1S8  0 

218  34 

249  7 

278  41 

309  14 

33849 

II 

10  21 

40  54 

68  44 

99  18 

123  52 

'59  25 

188  59 

219  33 

250  6 

27940 

3'o  13 

339  48 

41  53 

69  44 

loo  17 

129  51 

160  24 

'89  59 

220  32 

=51  5 

2E039 

3"  '3 

34047 

13 

42  53 

70  43 

iol  16 

■30  50 

161  24 

190  58 

221  31 

252  4 

281  38 

312  12 

341  46 

14 

13  18 

43  52 

71  43 

102  15 

131  49 

162  23 

191  57 

222  30 

=53  3 

2S2  38 

3'3  " 

34=  4S 

'5 

14  18 

44  5' 

72  41 

103  14 

132  48 

16322 

192  56 

223  29 

254  3 

28337 

314  10 

343  44 

16 

IS  '7 

45  50 

73  40 

104  13 

133  48 

164=1 

"93  55 

224  28 

25s  2 

28436 

3'5  9 

344  43 

'7 

16  16 

46  49 

74  39 

ros  13 

134  47 

.65  20 

194  54 

22s  28 

256  I 

=85  3S 

316  S 

345  42 

18 

17  15 

47  48 

75  3S 

lo5  12 

13s  46 

166  19 

195  53 

22627 

357  0 

285  34 

317  7 

34642 

'9 

18  14 

4847 

7638 

107  11 

136  45 

167  .8 

196  53 

227  26 

^57  59 

318  7 

347  41 

19  >3 

49  47 

77  37 

108  10 

137  44 

168  17 

197  52 

228  25 

258  58 

28832 

319  6 

348  40 

21 

20  12 

50  46 

78  ss 

109  9 

'38  43 

169  17 

19S  SI 

229  24 

259  57 

28932 

320  5 

349  39 

SI  45 

79  35 

13942 

170  16 

'99  50 

230  23 

260  57 

290  31 

321  4 

35"  38 

23 

52  44 

80  34 

III  7 

140  42 

171  IS 

23(  22 

261  56 

291  30 

322  3 

351  37 

24 

23  10 

53  43 

S«  33 

112  7 

141  41 

'72  "4 

232  22 

262  55 

292  29 

323  2 

352  36 

^S 

24  9 

54  42 

113  6 

142  40 

'73  13 

20247 

233  21 

203  54 

293  =8 

3=4  I 

353  36 

26 

2S  8 

55  41 

83  32 

"4  5 

143  39 

174  12 

203  46 

234  20 

264  S3 

294  27 

32s  1 

354  35 

2S  7 

56  40 

8431 

'4438 

204  46 

23s  '9 

26s  52 

29s  26 

325  0 

3S5  34 

27  6 

57  40 

85  30 

116  3 

■45  37 

175  11 

20545 

236  18 

266  51 

296  26 

32659 

356  33 

29 

=8  5 

58  16 

85  29 

117  2 

146  16 

177  10 

206  44 

237  17 

267  SI 

297  25 

3=7  58 

357  3= 

3° 

29  S 

87  28 

14736 

178  9 

207  43 

238  16 

268  50 

298  24 

328  57 

358  3' 

31 

30  4 

88  27 

'48  35 

208  42 

239  '5 

299  =3 

j  359  30  1 

The  arc  from  the  beginning  of  the  year  to  the  middle  of  each  calendar  month  is  found  in  llie  above 
table  opposite  the  16th  for  months  of  31  days,  and  by  subtraeting  30',  for  months  of  30  rtay.s ;  the 
avc  to  the  middle  of  February  is  44°  28'. 
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To  exhibit  the  annual  fluctuation  in  a  concise  form,  suitable  for  comparisons  and 
further  deductions,  a  number  of  characteristic  stations  have  been  selected,  repre- 
senting various  climatological  features,  and  for  which  the  numerical  values  of  the 
several  quantities  entering  in  the  expression — 

y  :^  ^  +  i/,  sin  (^  +  Ci)  +  B^  sin  (2^  +  O^)  +  B.,  sin  {^d  +  C^) 
have  been  computed  and  ta'bulatcd.  In  preference,  stations  having  long  and 
reliable  series  of  observations  have  been  selected,  and  they  comprise  with  some 
rough  approximation  to  uniformity  of  distribution,  the  area  of  the  United  States, 
with  a  tew  representative  stations  in  Arctic  and  British  North  America.  The 
results  are  based  on  the  monthly  means  presented  in  the  general  table  of  tempera- 
tures (Section  I),  they  were  first  corrected  for  daily  fluctuation^  according  to  the 
hours  of  observation,  whenever  needed,  those  depending  on  7„  2^  9^  wb  receiving 
no  correction.  They  were  next  corrected  for  inequality  in  length  of  months  and 
for  cwvaim-e,  as  explained.  It  was  deemed  sufficient  for  the  present  purpose  to 
stop  at  the  term  involving  B^  Cg,  considering  that  this  and  any  subsequent  term 
represent  rather  local  peculiarities  and,  moreover,  are  subject  to  considerable  changes 
with  the  use  of  additional  observations.  The  days  of  average  epochs  of  maxima 
and  minima  were  computed  by  the  formula — 

0^5,  cos  (0  +  C)  +  2B.,  cos  (29  +  C,)  +  SB,  cos  (3!)  +  G,) 

rom  putting  -—.-  =  0 
du 

The  46  stations  are  given  in  Ave  groups,  each  arranged  according  to  latitude. 

'  Excepting  the  results  for  Fort  Franklin,  to  which  no  corrections  whatever  have  been  applied,  it 
is  a  series  of  less  than  two  years.  The  expressions  for  the  Arctic  stations,  Van  Rensselaer  Harbor, 
Port  Foulke,  and  Port  Kennedy,  were  taken  from  my  discussion  of  the  Physical  Observations  in  the 
Arctic  Seas  by  Dr  L  I,  Hayes;  Smithsonian  Contribntions  to  Knowledge,  No.  196,  Washington, 
June,  1867,  p.  180.  To  tliese  a  fourth  term  has  now  been  added,  and  the  parameters  have  been 
corrected  for  curvature.     [On  p.  180  B^  for  Vau  Rensselaer  Harbor  should  have  been  35.39.] 


(IT 
resulting  from  putting  -—--  =  0 
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TABIE  OF  COMPUTED  ANNUAL  FLUCTUATION 


TEMPERATIIRE   OF   46   STATIONS. 
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DISCUSSIOK    OP    THE    ANNUAL    FLUCTUATION 


ALASKA. 

9 

57  03 
53  54 

.35  .0 
.66  »4 

To 

16         II          . 

7      '     ; 

+42.09 
+37-5& 

lo.oB 

23447 
235  SI 

Illoolook,  UnaUska  Island 

ARCTIC  REGIONS, 


Polaris  Bay,  Hall  L^nd 

Van  Rensselaer  Harbor,  N.  Greenlan 
Fort  Foulke,  North  Greenland  .  . 
Port  Kennedy,  North  Somerset      .     . 


ANNUM.  FLUCTUATION 

[The  angle  a  Canute  from  JaiivL-iry  I, 


33-09 
35'79 
33-49 
39'46 


BRITISH  NORTH  AINOiERICA  AND  CANADA. 


Fort  Franklin,  Great  Bear  lake    . 
Fort  Chipewayan,  Athabasca  Lake 

Nain,  Labrador 

Toronto,  Canada  West   .... 


37.64 
34-3& 
25.09 


I  Through  the  courtesy  of  Dr.  W.  Bessels,  who  had  charge  of  the  scientific  observations  in  the  Hall  Polar  expedition, 
I  have  received  in  advance  of  the  publication,  the  monthly  mean  [emperafiues  as  observed  at  Polaris  Bay,  between 
Sept,  1871,  and  Aug.  1872,  tt^ether  with  some  other  information  bearing  on  the  same. 

These  results  are  given  in  the  table  below,  to  which  I  have  added  a  reduction  to  refer  tlicm  to  months  of  average 
length,  also  the  results  computed  by  the  formula — 
J-=  +  4°.i9  +  33-09sin(fl+Z47°52')  +  7.'5  sin  {26-!- 8i°,9>+ 1.83  sin  (39  +  51")  +  2,59  sin  (40  +  2110). 

For  the  fourth  term 


Polaris  Bay,  Hall  Land. 


OI)6erved 

Temp, 

Temp,  for 

Obs'd.— 

Average 

CompM. 

Com'd. 

Month. 

IS;2  January 

—22  ".42 

— °0I 

-22=.78 

+  °-35 

February 

—23-52 

—24.15 

+  -64 

—  -S" 

-8-95 

+  ■■85 

+  17-59 

—1.40 

June 

+3S-94 

+39-27 

-  -39-24 

+  .03 

August 

+.05 

+35-93 

+37-21 

1871  September 

+23-07 

-.76 

+22.31 

+21.62 

+  -69 

October 

-8,76 

+■.19 

December 

—15.79 

-.0, 

-.5-88 

— iS-ii 

—  -77 
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OF  THE 

and  r  is  exi 


TEMPEliATURE. 

iressed  in  degrees  of  Falircnhcit. 


No. 

^2 

C, 

-^3 

Cj 

-^. 

c* 

War-nest  Diiy. 

Cokkit  Day. 

Annul-,! 
Rangf. 

Yearly  Means 
readied. 

Noles. 

dale. 

Temp. 

"ra'ir  -^-^ 

ARCTIC  RE&IONS. 

3 

7-15 
0.84 

256.9 

1. 18 

5'° 
275 

2-59 
I. IS 

328 
250 
79 

- 
- 

-39''-4 
-42.0 

Feb.  16 
Jan.    22 

—24°.  3 
— 3S.6 
—28,0 
-38.3 

63^7 
67.9 
69.6 
80.3 

May    2;  Oct.    8 
Apr.  S5  ;  Oct.  12 
May     I;  Oct.  31 
Apr.  23;  Oct.  25 

I 

Mean 

J„l;  „ 

Feb.    9 

Apr.  28;  Oct.  19 

BRITISH  NORTH  AMERICA  AND  CANADA. 

I 

3^06 
a.Si 
0.70 

513.0 
147.1 

,:„ 
0.53 

32 
259 

151 

I-52-7 
-63.9 
-4S-I 
-67.7 

jS:  3 

£  a 

—  7.1 

—  6,0 
+22.1 

73-7 

54.1 
45.6 

Apr.  22;  Oct.  24 
Apr.  26;  Oct.  2S 
May     r  ;  Oct.  26 
Apr.  26i   Oct.  24 

ALASKA. 

9 

2-73 

"t.i 

0.44 

351 
103 

Aug.  13 

+  54.9     Jan.  30 
+50.6      Feb.    9 

+30-3 
+30.0 

24.6 
20.6 

May    9;  Nov.  4 
May2t(?);Oct.26 

4- 

2  At  Van  ReD 
From  3  variable  te 
shortness  of  the  s 
a  Monthly  me 
*  Expressions 
i  Monthly  mea 

seker  Harbor  and  Port  Foulke  llie  epochs  and  amount  of  maxin 
ms,  as  preferable  to  those  resulting  from  4  terms.      Tlie  dales  a 

ns  corrected  for  daily  variation  by  the  general  table  p.  xiv. 
referred  to  new  style,  by  subtracting  10°  51' from  C^,  21  ".7  from 
Jis  corrected  for  daily  variation  by  the  Sitlta  table;  for  Astoria  alio 

a  and  n- 
C,,  and 

inimii  are  Ihoi^e  r 

33°  from  Cj. 
smade  for  change 

..l,i„E 
oflhe 

23    Fkisruaey,  1875. 
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ANNUAL  FLUCTUATION 


UNITED  STATES  EAST  OF  THE  98th  MEHIDIAM". 


Fort  Brady,  Michigan 

Fort  Suelling  (St.  Paul),  Minnesota 

Dennysville,  Maine 

Burlington,  Vermont 

Brunswick,  Maine 

Milwaultee,  Wisconsin 

Penn  Van,  New  York 

Detroit,  Michigan 

New  Bedford,  Massachusetts  .  ,  . 
Muscatine,  Iowa 

New  Haven,  Connecticut     .... 

Marietta,  Ohio 

Fort  Leavenwortli,  Kansas  .... 
Fort  McHenry,  Baltimore,  Maryland 
Cincinnati,  Ohio 

St.  Louis,  Missouri 

Chapel  Hill,  North  Carolina  .  .  . 
Fort  Gibson,  Indian  Territory  .     .     . 

Columbus,  Mississippi 

Fort  Moultrie,  Charleston,  S.  C.   .     , 

Fort  Barrancas,  Pensacola,  Florida    . 

Austin,  Texas 

New  Orleans,  Louisiana  .  .  .  , 
Fort  Marion,  St.  Augustine,  Florida  . 
Fort  Brown,  Texas 

Key  West,  Florida 


44-  53 

44  53 

43  54 


3S  37 
35  5S 
35  48 
33  31 


29  56 

29  54 
25  50 


77  04 
8303 
70  56 


94  54 
76  35 
84  30 


97  44 
90  03 
Ei  19 
97  37 


yis. 
32 

42 

110s. 

40 

29 

6 

a6 

it 

■jU 

3 

58 
27 

6 

0 

49 

W 

36 

S 

4f 

0 

29 

'5 
32 

9 

' 

32 

9 

4 

13 

25 

5   ' 
6 

40°.  22 

24.70 

44-23 

30.14 

44.52 

25-95 

44-50 

23.31 

4-;-84 

23.84 

45-5' 

22.79 

48- W 

47.08 

25.60 

49.10 

22.90 

52.33 

Z1.40 

52.84 

25.21 

54-59 

22.39 

54.80 

22.79 

23.94 

60.56 

62.25 

1S.57 

66.43 

16.15 

6R,.1^ 

15.ro 

66.78 

69.12 

14. 1 1 

69.73 

12.33 

73-74 

12.04 

77.08 

7.31 

UNITED  STATES  WEST  OF  THE  98th  MERIDIAN. 


Fori  Stevenson,  Dakota  .... 

Fort  Shaw,  Montana 

Astoria,  Oregon 

Fort  Laramie,  Wyoming 

Salt  Lake  City,  Utah 

Presidio,  San  Francisco,  California 
Fort  Garland,  Colorado  .... 
Fort  Mojavfi,  Arizona  .... 
Fort  Craig,  New  Mexico  .  .  . 
San  Diego,  California     .... 


47  36 

loi  10 

2  II 

,..», 

33-82 

47  30 

111  43 

60Q0 

3   4 

46.13 

23.03 

46  II 

12348 

53 

iS   3 

49.22 

10,87 

104  31 

4472 

17   9 

49-22 

23-63 

40  46 

III  54 

4260 

9   0 

51-95 

23.72 

37  47 

123  28 

ISO 

19   0 

54-80 

4.22 

37  32 

105  40 

15   3 

42.53 

23.65 

35  o^ 

"4  35 

604 

73.20 

33  36 

107  00 

4576 

13  10 

22.17 

32  42 

117  14 

150 

8.88 

250  33 
250  36 


254  1 

254  56 

253  52 

254  55 

250  54 

253  16 
25636 

255  53 
348  38 
^55  2 


250  32 

234  55 
255  °9 
254  31 
259  3« 
239  50 


a  Monthly  m 
i  Monthly  mi 
e  Monthly  m 


IS  corrected  for  daily 
s  corrected  for  daily 
IS  corrected  for  daily 


m  by  the  general  table  p.  xlv. 
by  the  Sitka  table;  for  Astoria  allowance  was  m 
1  by  the  tables  for  Key  West  and  Fort  Morgan. 


ide  for  change  of  style. 
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OF  THE  TEMPERATURE.— Continued. 


*™"E'     Tm 


UNITED  STATES  EAST  or  THE  98th  MERIDIAN. 


64 

i7i°.8 

0,80 

0.7S 

2lS,6 

so 

191.9 

0.19 

92 

25a.o 

0.00 

sn.R 

aSfi 

bS 

O-lb 

14 

10.  ■; 

0.49 

40 

»,i.,i 

U.4,! 

7S 

273-3 

27 

in.2 

0.46 

QO 

284.7 

b7. 

9« 

341.2 

0.48 

14 

2QI.2 

0.39 

337.5 

U.-2U 

'4 

296.2 

oM 

,^B 

330-9 

0.12 

'/i 

302.4 

U.J3 

.08 

287.0 

o.iq 

lib.8 

■17 

loi..; 

-lb 

2g6.2 

0.82 

.24 

270,0 

0.30 

■32 

263.0 

a.2. 

July  18 
July  23 
July  21 
July  24 

July  25 
July  22 
July  24 
July  27 
July  23 

July  25 

July  24 

July  26 
July  25 
July  26 

July  24 
July  ip 
■July  31 
July  26 
July  26 

July  28 
July  29 
July  18 
July  30 
July  22 

July  27 


■85.0 

-f84-2 


z 

16 

all 

s 

J.11 
Jan 

15 
24 
23 

Z3 
13 

j!ll! 

14 
13 

j2 

9 
15 

1 

Jai 

■31 
4 

-fi9.9 

+25-7 
+30-7 
+26,1 
+3S.O 
+32.3 


Apr.  24;  Oct.  27 
Apr.  21 ;  Oct.  23 
Apr.  20;  Oct.  24 


Apr.  ai;  Oct.  : 
Apr.  15;  Oct.  1 
Apr.  14;  Oct.  : 
Api-.  21;  Oct.  : 
Apr.  171  Oct.  ] 


Apr.  19;  Oct.  18 
Apr.  13;  Oct.  18 
Apr.  15;  Oct.  IS 
Apr.  21;  Oct.  21 

Apr.  16;  Oct.  21 
Apr.  13;  Oct.  17  , 
Apr,  16;  Oct.  2o  I 
Apr.  23;  Oct.  27 
Apr.  II;  Oct.  21 

Apr,  27;  Oct.  29  I 


UNITED  STATES  WEST  OF  THE  98th  MERIDIAN. 


2. 

38 

:w 

40 

41 

42 

I. 

4( 

44 

4-; 

46 

'■ 

Sept.  23 
Jul,  21 


+76.1 

an 

21 

-  .70.6 

IS 

-  -75-8 

4 

+77-4 

Jan 

14 

+59.1 

Tan 

„ 

Ian 

Ian 

+72.0 

J^ 

Apr.  14;  Oct.  22 
Apr.  19;  Oct.  21 
Apr.  26;  Oct.  31 
Apr.  26;  Oct.  i5 
Apr.  24;  Oct.  22 

May  I ;  Nov.  1 3 
Apr.  14;  Oct.  ig 
Apr.  iS;  Oct.  17 


d  See  Smithsonian  Contribut 
:orrecied  for  curvature. 

e  Monthly  means  corrected  for  daily  vi 


Knowledge,  No.  204.;  Washington,  June,  1867,  p.  32.     Tlie  expressio: 
by  one-lialf  of  the  value  given  by  tlie  general  table  p.  liv. 
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DISCUSSION   OF   THE    ANNUAL   FLUCTUATION 


The  positions  of  the  meteorological  stations,  embraced  in  the  preceding  table, 
are  shown  on  the  accompanying  cliart  by  dots,  to  which  the  tabular  number  has 
been  attached. 


^                          ^ — _«, 

p 

3t^ 

V 

.^^3j^ 

% 

M 

W\ 

M 

/ 

'>i  -^ 

'*^tmS^\ 

/ 

M/T; 

f^ 

|~-|pjs  ii\fK     \ 

-■/ 

W^ 

:X 

''-J^^-^rx^ 

K  ^ 

"f^^^.A 

I 

- 

'  \ 

\        '7-^^^^^^''^^^' 

V 

^~^m°  ^ 

L« m-_ lit 1 

^_jtv(l  -/i?5^ 

''~^-    iJ 

If  we  examine  the  variability  of  the  respective  dates,  given  in  the  columns  of 
"  warmest  day,"  "  coldest  day,"  and  "  days  of  mean  temperature,"  we  shall  find  the 
latter  confined  to  the  narrowest  limit;  near  these  epochs  the  expression  for  T 
reaches  its  greatest  daily  change  and  consequently  fixes  them  with  comparative 
accuracy,  whereas  near  the  epochs  of  maxima  and  minima  the  daily  change  is  least, 
in  consequence  of  which  greater  uncertainty  must  attach  to  these  dates. 

The  results  for  the  4  Arctic  stations  have  been  united  into  a  mean  for  each  epoch ; 
even  these  means  have  less  weight  than  corresponding  values  at  any  other  station, 
since  they  are  based  upon  less  than  5  years  of  observation.  The  epoch  when  the 
mean  of  the  year  is  reached,  with  a  falling  temperature,  is  the  most  constant  for 
all  the  stations ;  its  dates  are  comprised  between  October  8,  at  Polaris  Bay,  and 
November  13,  at  San  Francisco,  both  stations  being  of  an  exceptional  character; 
all  the  rest  cluster  closely  around  the  32d  of  October,  which  follows  30  days  after 
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the  autumnal  equinox.  The  average  deviation  from  this  date  is  4  days,  earlier  or 
later. 

The  epochs  of  the  mean  value  of  the  year,  reached  with  rising  temperature,  are 
comprised,  with  the  exception  of  Illoolook  which  is  doubtful,  between  April  H,  at 
Fort  Brown,  Texas,  and  May  9,  at  Sitka ;  the  average  date  for  all  other  stations 
being  April  21,  which  is  32  days  after  the  vernal  equinox.  The  average  deviation 
from  this  date  is  5  days,  earlier  or  later. 

The  dates  for  the  maximum  temperature,  with  the  exception  of  that  for  San 
Francisco  which  is  anomalous  and  delayed  to  Sept,  23,  are  comprised  between  the 
limits  of  July  8,  at  Van  Eensselaer  Harbor,  and  August  15,  at  San  Diego;  all 
the  other  stations  cluster  about  July  24,  which  is  33  days  after  the  summer 
solstice.     The  average  deviation  from  this  date  is  4|  days,  earlier  or  later. 

The  dates  for  the  minimum  temperature  vary  between  the  limits  of  December 
31,  at  New  Orleans  and  at  Fort  Craig,  and  February  16,  at  Port  Foulke;  we  have 
to  except,  however,  the  date  for  Van  Rensselaer  Harbor,  which  has  the  highly 
uncertain  date  March  1 ;  the  remainder  of  the  stations  cluster  about  January  18, 
which  is  28  days  after  the  winter  solstice.  The  average  deviation  from  this  date 
is  6  days,  earlier  or  later. 

We  thus  see  that  the  daily  balance  between  the  decreasing  radiation  and  the 
increasing  insolation  at  the  midwinter  extreme  is  struck  earlier  by  5  days  than 
the  opposite  balance  between  the  decreasing  insolation  and  the  increasing  radia- 
tion at  the  midsummer  extreme,  as  compared  witli  the  corresponding  astronomical 
epochs. 

Altogether,  then,  the  curve  expressive  of  the  annual  distribution  of  heat,  for  our 
stations,  follows  in  epoch,  on  the  average  31  days,  or  very  nearly  ^  of  a  year,  the 
corresponding  astronomical  epochs  depending  on  the  revolution  of  the  earth  around 
the  sun. 

Examining  the  dates  of  the  four  epochs  with  respect  to  geogi-aphical  distribution 
of  stations  within  the  area  of  the  United  States,  we  find  for  the  9  Atlantic  coast 
stations,  Nos.  13,  15,  19,  21,  24,  27,  30,  34,  36,  the  average  dates :  July  25,  January 
17,  for  maximum  and  minimum,  and  April  23,  October  24,  for  an  average  of  the 
year  in  spring  and  autumn.     Compared  with  the  normal  epochs,  viz. : — 

July  24,  January  18,  April  21,  and  October  22,  they  appear  about  1  day  later 
than  the  normals.     No  dependence  on  the  latitude  is  indicated. 

The  10  centrally  located  stations  in  the  valley  of  the  Mississippi  and  east  of  the 
foot  of  the  Rocky  Mountains,  also  including  two  Texas  stations,  viz,:  Nos.  37,  12, 
20,  23,  26,  28,  29,  32,  33,  and  35,  give  thg  respective  dates:— 

July  23,  January  12,  April  14,  and  October  19,  which  are  on  the  average  4  days 
earlier  than  the  normal  values.  The  latitude  of  the  stations  is  apparently  of  no 
consequence  in  this  inquiry.  Similarly  we  find  for  the  three  Pacific  coast  stations, 
Nos,  9,  39,  and  46  the  respective  dates :  August  10,  January  22,  May  4,  and 
November  1,  which  are  on  the  average  15  days  later  than  the  respective  normal 
values,  while  at  San  Francisco  the  dates  for  the  maximum  and  for  the  autumnal 
mean  are  still  later.  With  respect  to  the  annual  thermal  epochs  we  thus  notice 
the  apparent  effect  on  the  coast  stations  by  the  Atlantic  is  to  retard  them  by  about 
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1  day  and  by  the  Pacific  for  about  15  days,  the  later  effect  bemg  necessarily  the 
greater,  owing  to  the  prevalence  of  westerly  winds  over  the  whole  area  under  con- 
sideration. In  the  interior,  on  the  contrary,  the  epochs  appear  about  4  days  earlier 
than  the  average  values.  Our  data  arc  yet  too  scanty  to  allow  of  any  precise 
estimate  respecting  the  effect  of  elevation  on  these  epochs,  but  they  appear  to 
occur  earlier  for  greater  elevation. 

The  result  arrived  at  respecting  the  shifting  of  the  epochs  in  different  longitudes 
may  also  be  stated  as  follows :  The  seasons  occur  5  days  earlier  in  the  valley  of 
the  Mississippi  and  the  western  plains  than  on  the  Atlantic  seacoast,  and  19  days 
earlier  than  on  the  Pacific  coast. 

We  may  arrive  at  a  tolerably  fair  estimate  of  the  annual  mean  temperature  at 
any  place  by  observing  for  a  few  days  the  temperature  about  the  two  epochs  when 
the  mean  is  reached,  and  still  better  by  observing  in  addition  about  tlie  epochs  of 
maximum  and  minimum.  The  least  labor  will  be  spent  by  observing  only  at  8 
P.  M,  (8"  05""  may  still  improve  the  result),  an  hour  which  has  the  advantage 
of  convenience  for  the  observer  and  which  produces  equally  good  results  in  all 
months  of  the  year,  the  values  will  probably  keep  within  a  half  degree,  during  any 
month,  and  within  -one-tenth  of  a  degree,  for  the  year,  of  the  true  value. 

If  we  now  turn  our  attention  to  the  annual  range,  we  find  it  to  vary  between  the 
limits  of  80°,  nearly,  at  Port  Kennedy  (in  approximate  latitude  12°)  and  of  10°, 
nearly,  at  San  Francisco.  The  next  smallest  annual  range  is  attained  at  Key  West, 
of  about  15°,  next  follows  San  Diego  with  19°,  and  Illoolook  (approximate  lati- 
tude 54°)  with  20|°.  The  smaller  ranges  are  due  almost  entirely  to  the  proximity 
and  equalizing  effect  of  the  sea. 

The  magnitude  of  the  annual  range  depends  principally  on  the  latitude  and  the 
distance  from  the  ocean,  apparently  less  on  the  altitude  of  the  station ;  it  is  greater 
in  the  higher  latitudes  and  appears  to  reach  its  maximum  value  in  the  region  about 
the  Great  Bear  and  the  Great  Slave  Lakes ;  from  the  vicinity  of  Lake  Athabasca 
high  values  extend  towards  Lake  Winnipeg  and  even  within  the  northern  boundary 
of  the  United  States,  Our  four  Arctic  stations  in  the  average  latitude  of  77|°  show 
an  average  amplitude  of  70|°,  at  Peel  River  in  latitude  67°  32'  the  amplitude 
probably  exceeds^  83°,  Fort  Simpson  in  latitude  62°  10'  has  an  annual  amplitude 
probably  greater  than  75°,  our  stations  Nos.  5  and  6  in  the  average  latitude  of  62° 
have  an  amplitude  of  neai'ly  72|°,  Norway  House  in  latitude  53°  50'  shows  nearly 
71°,  while  at  Fort  Stevenson,  Daltota,  in  latitude  47°  36'  the  observed  amplitude 
is  as  high  as  72°,  and  at  Fort  Pierre,  Daliota,  in  latitude  44°  23'  a  range  above  70° 
is  indicated;  these  last  two  stations  exhibit  a  range  of  a  truly  arctic  character. 

The  rigor  of  a  climate  may  be  supposed  measurable  by  two  factors,  viz. :  the 
mean  annual  temperature  and  its  range,  which  latter  is  approximated  by  the  value 
3  _Bi  (provided  B^  B^^  .  .  .  are  small  in  comparison).  The  values  of  A  in  our  table 
fluctuate  between  the  extreme  limits  of  — 2°.3  at  Van  Rensselaer  Harbor,  and  of 

'  A  still  greater  range  of  about  90°  probably  occurs  at  Fort  Tukon,  Alaska,  in  laUtude  66°  34', 
but  our  observations  are  too  limited  to  give  an  exact  value. 
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-{-  77°.  1  at  Key  West,  Florida;  their  geographical  distribution  and  relations  within 
the  limits  of  the  United  States  are  sufficiently  shown  on  the  chart  of  the  mean 
annual  isothermals. 

Apparent  interrupfAons  in  the  regularity  of  ifip  annual  fluctuation. 

While,  for  all  general  purposes  of  comparison,  monthly  means  will  be  found  quite 
sufficient  for  the  elucidation  of  the  character  of  the  annual  fluctuation,  they  will 
not  be  adequate  in  the  case  of  a  special  and  detailed  examination,  having  for  its 
object  to  ascertain  the  reality  of  certain  anomalies  in  the  otherwise  regular  pro- 
gression. 

It  has  been  noticed,  elsewhere,  that  at  certain  stations  and  at  certain  periods  of 
the  year,  the  regularity  of  the  annual  march  of  the  temperature  appears  interrupted 
for  a  few  days  by  interfering  with  the  ordinary  risiug  or  falling  of  the  temperature, 
as  we  should  expect  it,  at  these  periods  of  the  year.  The  phenomenon  has  been 
attributed  to  local  as  well  as  to  cosmical  influences ;  it  would  seem  to  be  referable 
to  the  setting  in  of  a  particular  wind  at  these  times,  causing  the  mean  temperature 
to  be  more  or  less  influenced. 

Of  such  periods  of  apparent  irregularities,  pointed  out  by  different  meteorologists,' 
the  following  may  be  mentioned:  About  the  beginning  of  December  and  the  middle 
of  May;  about  the  12th  of  February  and  between  the  first  and  second  week  in 
March ;  it  cannot  be  said,  however,  that  any  such  periods  have  been  fully  tested  or 
confirmed  for  stations  in  the  United  States,  but  the  subject  demands  further 
research.  From  observations  at  Geneva,  N.  Y.,  Dr.  Wilson^  suspects  an  arrest  of 
the  increasing  warmth  during  about  16  days,  commencing  with  May  25,  and  a 
retrocession  of  the  increasing  cold  in  autumn  from  October  28th  to  about 
November  10th. 

To  meet  the  requirements  of  such  investigations  the  observed  temperatures  have, 
by  some,  been  united  into  5  day  means  or  penthemers,  while  others  have  gone 
through  the  extremely  laborious  process  of  determining  the  mean  temperature  of 
every  day,  resulting  from  a  long  series  of  years.  Owing  to  the  great  labor  of  pre- 
paration but  few  of  such  tables  exist,  and  they  extend  yet  over  too  limited  a  period 
to  be  conclusive  in  their  results.  In  places  where  the  annual  range  is  small,  a  15 
year  series  is  quite  valuable,  but  in  our  temperate  and  higher  latitudes  a  combina- 
tion of  observations  embracing  at  least  double  this  time  is  requisite  to  eliminate 
the  greater  irregularities  in  the  daily  means. 

There  is  another  use  of  tables  of  daily  average  temperatures;  by  their  means 
we  can  ascertain  for  any  given  day  (and  in  combination  with  the  known  daily 
fluctuation,  for  any  given  hour)  how  much  the  observed  temperature  will  be  in 
excess  or  defect  of  the  normal  {or  tabular)  temperature  belonging  to  that  day,  a 

'  See  report  of  Britisb  AsBociation  for  AdvatiRement  of  Science;  Birmingham  meeting,  1865  ;  also 
Silliman's  JourDal,  May,  1861,  p.  390. 

*  Local  Cliraatologj',  in  iho  20t!i  annual  report  of  the  Eegents  of  the  University  of  ILe  State  of 
New  York.     Albany,  1868. 
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question  to  which  an  answer  is  often  demanded  in  the  study  of  the  progress  of 
certain  unusuaiiy  hot  or  cold  teruia  or  waves  spreading  themselves  over  large 
surfaces. 

In  the  following  series  of  tables  of  the  average  temperature  of  each  day  of  the 
year,  the  observing  hours  as  well  as  the  corrections  applied  (if  possible  or  necessary) 
to  reduce  to  daily  mean  are  added  to  each  station. 
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1840-9 

1850-9 

1860-9 

1840-69 

1840-9 

1850-9 

1S60-9 

1840-69 

1840-9 

1850-9 

1860-9 

1840-69 

I 

2S°.9 

25  "-2 

23°-7 

25°.o 

20"! 

26-- 7 

22  ".8 

23'>.o 

28°.  I 

25°-2 

29^-3 

27''.2 

21.4 

24.2 

20.3 

27.8 

21.7 

22.6 

24-9 

28.5 

24.9 

21. s 

25.6 

21.3 

22.9 

25.2 

17-3 

4 

26.9 

25 

6 

27.1 

25-7 

27.0 

1S.3 

21.9 

237 

21.3 

22 

28.2 

25 

24,6 

5 

23^6 

33-7 

23.7 

23.6 

25.1 

18:1 

23-9 

3 

29-7 

27 

3 

22.6 

26.4 

6 

26.7 

23.8 

21.5 

24.2 

24-5 

16.9 

24.9 

3 

28.6 

5 

25.7 

7 

29-3 

22.9 

17.8 

31.0 

26 

6 

28,6 

28,7 

3 

23.4 

iS.i 

20.6 

23.0 

20.9 

20.9 

6 

32.3 

25 

3 

29,2 

9 

23-7 

23.8 

23.7 

23.7 

19.9 

22.9 

7 

29.9 

27 

6 

29,4 

29,1 

20.5 

21.5 

23-4 

21.8 

23.8 

18:6 

18.4 

20 

6 

28-3 

24 

26.6 

26,5 

20.3 

25.1 

18.0 

18.7 

19.1 

23-9 

7 

273 

26.3 

25-6 

25.4 

19.5 

23.6 

19.2 

17.5 

28.5 

21  5 

298 

263 

13 

26.3 

25-6 

21.7 

24.7 

19.0 

23.5 

25-7 

229 

307 

32 1 

261 

29-5 

28.6 

25-8 

21.6 

24.2 

21.3 

224 

23  7 

324 

283 

29.7 

15 

22.8 

21.7 

24.8 

26.1 

22  7 

234 

33  4 

2S4 

28.6 

i6 

23-2 

26.4 

19.6 

22.3 

19:8 

25.2 

274 

341 

293 

31.3 

17 

19.9 

1S.3 

21.4 

23.1 

20.4 

21  7 

292 

35  4 

305 

31,8 

fS 

20;  8 

23-8 

19.8 

21.4 

25-3 

22.5 

229 
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28,4 

'9 

19-5 

20.5 

22.4 

20.8  . 

28.2 

25-4 

246 

33  5 
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a  I 

28-5 

25,9 

25.2 

25.1 

25-5 

28.6 

24.8 

25.2 

26  I 

34  5 
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29,9 

27.1 

23.0 

23-3 

24.4 

29,8 

25  1 

307 

3' 9 

273 

29-8 

I7.S 

19.4 

28-9 

25.6 

27-3 

273 

31  I 

324 

282 

30-6 

23 

27.2 

16.9 

28.2 

24.4 

21.5 

28.8 

242 

33  I 

33  4 

327 

33-0 

24 

24.1 

2J-7 

25.8 

21.3 

243 

33  8 

^'l 

302 

32-0 

25 

23-5 

23.6 

24.2 

26.5 

22.9 

246 

35  5 

308 

31  r 

32-4 

26 

23-0 

21.6 

23-3 

27.0 

25.4 

26.0 

26  I 

366 

324 

290 

32-7 

27 

IP 

26,9 

24.4 

26.6 

260 

34  3 

303 

33  4 

32.7 

28 

28.3 

23-7 

22.5 

24.7 

25-2 

27.3 

273 

37  5 

294 

327 

33-2 

29 

28.2 

23-1 

24.7 

25-4 

259 

23-9 

284 

360 

342 

305 

^60 

30 

23.3 

I9-S 

23.2 

33-6 

36.1 
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25. 5 

21.3 

22.2 
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1 

1S40-9 

1850-9 

1860-9 

1840-69 

IS40-9 

i85<v9 

1860-9 

1840-69 

1840-9 

1850-9 

l86o-9 

1840-69 

, 

32.7 

35-1 

34-2 

340 

48.0 

45-3 

40.7 

44.5 

54.6 

56.8 

57-2 

56,2 

3S.7 

39.3 

34-4 

33.7 

47.5 

45.1 

41.4 

44-5 

56.9 

59-3 

56,8 

57-7 

3 

39.7 

36.2 

35.9 

37-4 

46.5 

46,5 

42.4 

45-' 

58.0 

59.0 

58.2 

58.4 

4 

40.7 

36.6 

36.9 

38.0 

47-3 

49.2 

47-3 

47-9 

59-5 

53-6 

57-2 

56.8 

5 

35.6 

37-0 

40.0 

37-6 

46.1 

49.1 

48,0 

■  56.5 

57-3 

57-4 

^H 

6 

25.2 

33.4 

37.7 

49.2 

48.7 

43,2 

48. 7 

53-4 

58.9 

57-9 

56.8 

7 

34.5 

34.8 

36.1 

48.1 

50,2 

48.4 

49.0 

57-0 

59-3 

59-5 

5S.6 

8 

38:5 

37-2 

34.2 

36.7 

49-4 

49.0 

50.6 

49-7 

57-2 

59-3 

58-3 

9 

39.6 

39-1 

36.2 

47.6 

48,1 

52.7 

49-6 

56.3 

57-9 

58.8 

43-0 

36.7 

38. 3 

39-5 

50,1 

48.7 

49-8 

49-5 

5S.5 

57-0 

59-5 

58.3 

42.5 

36.0 

41.0 

399 

SO- 5 

46.1 

49.7 

48.9 

58.8 

55-9 

59-4 

5S-0 

42.0 

39' S 

42.6 

41-3 

52.6 

50.9 

53-0 

52.1 

58.0 

5S-0 

63.2 

13 

40.1 

36.3 

3S-1 

38.4 

51.8 

53-1 

49.2 

Si-5 

58.8 

6,.9 

61,7 

14 

37.6 

40.5 

3a- 7 

39'0 

52.2 

5'-3 

51.6 

51-7 

56.7 

63.4 

6!, 2 

60,6 

'5 

41.5 

38.4 

44.0 

52. 1 

53-7 

51-4 

52.4 

60.8 

64.9 

63.7 

63.0 

40.0 

40.0 

45.0 

52-4 

S3-8 

53-7 

53-3 

59-7 

61. 8 

61.7 

61.0 

17 

41.0 

40.1 

43-7 

41.7 

53-2 

52,0 

52.6 

52.6 

60.3 

61.4 

63-9 

JS 

40,1 

41.8 

41.6 

41.1 

55-3 

49-4 

51-9 

63.3 

63,2 

62.4 

62.9 

19 

39-6 

43.5 

43-8 

42.3 

54-3 

50-4 

52:6 

52-4 

63-5 

64.9 

62.2 

635 

42.7 

43-1 

44.6 

43-5 

53' " 

48.9 

52-6 

51-5 

63-4 

64.7 

63,6 

46.2 

45- 1 

46.3 

45-8 

50.8 

52-5 

52.6 

52.0 

63-9 

65-3 

63.0 

64.2 

48.3 

45.7 

43-5 

45-9 

52-9 

52.6 

53-2 

52-9 

64-3 

64.1 

64-2 

64.2 

23 

48,5 

40.3 

40.0 

42.9 

54-7 

54-0 

52.2 

53-6 

65.4 

63-1 

63,8 

64.1 

24- 

47.8 

44.2 

42,1 

44-6 

54.8 

54-5 

54-2 

54-5 

65.1 

62.4 

643 

64-3 

25 

45.4 

45.6 

44,2 

57-9 

56-7 

58-0 

57-6 

65.2 

64.3 

67.2 

65.6 

26 

45-7 

44.9 

44.0 

44-9 

56.4 

560 

56.6 

56.3 

67.1 

69.1 

67.0 

67.7 

27 

42.0 

41.8 

43-5 

42.4 

58.6 

56-4 

55-9 

57'0 

66.1 

65-7 

64.8 

65.5 

28 

46.2 

44-3 

46.3 

45.6 

59'4 

56-7 

52-9 

56-2 

65.1 

69.8 

62.9 

65,1 

29 

44.6 

45- 0 

45-0 

44.8 

56.  S 

54-2 

55-5 

55-4 

67.2 

70.0 

"in 

tl-^ 

30 
31 

49.1 

47.1 

47-4 

47.8 

53-5 
51-0 

52.1 

53-2 

56.7 
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54' 2 
54-0 

65,6 

66,9 

66.6 

66,7 
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Toronto. — Continued. 

Day  of 

Month. 

J..-V.                        1 

August. 

September.                    1 

1840 

-9   1850-9 

1860^ 

840-69 

1840-9 

1850-9 

1860-9 

1840-69 

1840-9 

1850-9 

1860-9 

1840-69 

, 

64° 

0        62=.  2 

66°.  0 

630.9 

63°.o 

69=. 3 

69'',9 

67  ^  5 

65  M 

63'-7 

6o=.9 

63°.  3 

62. 

S        63,3 

66.1 

641 

63.4 

679 

665 

66.5 

64.3 

60.5 

639 

3 

60, 

7       67.3 

66 

66.2 

68 

4 

68 

67 

9 

63-S 

62.8 

60.S 

62 

4 

62. 

67.0 

66 

4 

67.0 

68 

69 

9 

6 

66.1 

64.3 

63.2 

64 

t 

5 

63- 

4        65.3 

65 

67.S 

68 

3 

70 

6 

63.0 

65-3 

64.3 

64 

6 

65 

5       65.6 

68 

66 

6 

66-8 

68 

67 

6 

67 

61.3 

65.2 

64.5 

63 

7 

7 

66 

1       664 

69 

67 

66.7 

67 

8 

67 

6 

67 

63.3 

61.0 

61.S 

61 

9 

8 

66 

I       68.7 

70 

6 

68 

4 

66.6 

67 

6 

71 

5 

68 

63-7 

60.3 

61 

4 

9 

I       66.7 

68 

67 

7 

68.3 

68 

4 

69 

6 

68 

58^7 

63-9 

60.5 

61 

I       68.7 

66 

6 

68 

65.0 

9 

69 

3 

67 

7 

60.2 

65-7 

58.1 

61 

4 

4       69.0 

67 

68 

65-8 

3 

66 

3 

66 

8 

57-9 

64.7 

61.9 

61 

4 

70 

7       66.9 

65 

67 

6 

66.8 

69 

8 

64 

6 

67 

56-8 

63.6 

60.6 

60 

13 

69 

7       67.4 

66 

9 

65.6 

69 

64 

66 

6 

56.6 

55.2 

59.4 

56 

9 

14 

67 

6       69.9 

67 

5 

66.9 

65 

64 

9 

65 

9 

5S.8 

55-8 

59.9 

58 

3 

IS 

66 

8        70.3 

67 

68 

66.2 

64 

9 

65 

65 

57-5 

55-3 

60.9 

57 

7 

16 

C7 

5       71-2 

68 

69 

3 

69-7 

65 

4 

63 

6 

66 

57-7 

59-8 

57 

17 

67 

4       74.6 

65 

69 

67.0 

64 

7 

64 

i 

65 

59-9 

58.7 

59.8 

59 

5 

18 

68 

9         70-3 

68 

69 

65-8 

62 

5 

64 

64 

56-7 

57-3 

57.9 

57 

19 

69 

6        68.3 

67 

68 

4 

65.2 

62 

6 

67 

64 

55-9 

5S.9 

56-3 

56 

7 

66 

4        68.7 

67 

67 

5 

6S.2 

65 

66 

65 

S7'5 

55- S 

57.9 

56 

9 

0        67.8 

65 

67 

66.3 

66 

3 

66 

66 

53-0 

55-2 

53.1 

S3 

7 

68 

2        69.8 

66 

68 

66.5 

67 

3 

64 

65 

51-0 

51-8 

55.3 

52 

6 

z3 

67 

0        67.5 

67 

672 

f4  9 

65 

62 

7 

64 

55'S 

55-0 

57-9 

56 

24. 

66 

9        69.0 

69 

68  3 

634 

67 

64 

64 

52.5 

54-6 

55-7 

54 

65 

3        70.6 

67 

67  8 

b;    9 

63 

64 

64 

53-2 

55-3 

54.6 

54 

4 

66 

I         67.8 

69 

676 

bjO 

64 

6 

66 

65 

47.8 

57-2 

50.6 

5' 

8 

27 

64 

S        67.2 

69 

669 

619 

60 

64 

62 

49.6 

53-3 

51.8 

S 

3 

28 

66 

I         68.1 

67 

673 

652 

61 

8 

65 

3 

64 

49.9 

51.6 

52.2 

51 

29 

66 

3        68.8 

66 

673 

66  Q 

6 

4 

6 

63 

53'8 

50-2 

53.2 

52 

4 

3'^ 

63 

8        67.5 

6S 

606 

6>2 

63 

6 

59 

3 

63 

52.6 

49.8 

51.0 

5 

3' 

64 

3        65.9 

67.4 

65-9 

65-6 

63.1 

60.3 

63.0 

1 

Day  of 
Month 

October. 

November. 

B„„. 

184 
48 

0-9    1S50-9 

1860-9 

184^^69 

'1840-9 

1850-9 

1860-9 

1840-69 

1840-9 

1850-9 

1860-9 

1840-69 

, 

6        SI., 

S..3 

50.4 

43-2 

45.2 

45-8 

44-7 

27.5 

32-3 

29-3 

39.7 

50 

3        51.0 

54.4 

5'. 9 

42. 5 

42-3 

42.0 

42-3 

29-8 

38.6 

28.5 

29.4 

3 

5^ 

0        50-4 

50.8 

50.4 

41.9 

39.3 

40.0 

40-4 

29-5 

28.8 

29.3 

48 

9        53.1 

5°.  9 

SI. I 

40.  s 

40.3 

31-1 

38.7 

31.9 

30.6 

5° 

6        52.0 

49.2 

50.6 

42.6 

40.9 

39.2 

40.8 

26-5 

28.6 

28.7 

38.0 

5° 

2        50.4 

48.2 

49.7 

38.7 

42-2 

35.1 

38.S 

28.2 

30.1 

51 

0        48.8 

53.3 

50-9 

41.0 

40- 3 

35.9 

38.9 

30-7 

31,0 

30.1 

5' 

7       48.7 

50-4 

50.2 

38.0 

39-3 

38.8 

38.8 

33.9 

26.6 

29.2 

9 

50 

•        53.3 

52.7 

51.2 

39.1 

38-5 

40. 5 

39.4 

33-0 

28'i 

25.8 

29.1 

47 

8           49.7 

51.2 

49' 7 

39.3 

35-9 

35-9 

37-1 

30.4 

27.0 

26-7 

27.9 

47 

3       50-7 

4S.6 

48.9 

38.3 

3S-6 

36-8 

36.9 

27.0 

26.6 

27,0 

47 

r       47.2 

44.3 

46-1 

41.4 

40.3 

36.6 

39>4 

24,6 

24.8 

23-4 

24.2 

■3 

43 

6       48.6 

43.2 

45-2 

38.2 

35.7 

3S.3 

37-5 

30.2 

26.1 

21.4 

25.9 

14 

44 

0       44.9 

46.2 

45.0 

36.6 

35.4 

38-6 

35-5 

3'-9 

31.1 

27.6 

15 

43 

0       42.6 

45.6 

43.8 

35.7 

36.2 

34-0 

35'3 

29.1 

28-7 

23.3 

27.3 

16 

45 

4         42.5 

47-8 

45-3 

37.7 

35.1 

36.9 

36.6 

26.3 

27.5 

26,8 

17 

41 

2       45.8 

48.2 

45-3 

38- 7 

35.2 

4'-5 

23.7 

21.8 

28.0 

34-5 

18 

42 

2       47.4 

49-2 

46.3 

35-5 

36-5 

34-7 

35-6 

23.4 

16.S 

26.0 

19 

41 

6       44.5 

47-6 

44.6 

35-3 

37-4 

35-7 

26.3 

19.0 

25.9 

33.8 

4' 

I         4S.O 

45.3 

43' 7 

36:2 

32.3 

36-7 

35-1 

23.9 

24.7 

20.3 

39 

5       44.6 

44- r 

34.4 

34-7 

34.4 

34- S 

23.8 

35-7 

23.2 

34.3 

40 

0       45.4 

44-9 

37.6 

3S.3 

32.8 

35-2 

19-6 

22.1 

21-9 

23 

7       .43.2 

41-3 

37.3 

34.7 

33.6 

3S'2 

23.3 

19.7 

19-8 

24 

7       40.6 

40.4 

41.2 

36.0 

29.1 

30.8 

32.0 

24.1 

18.4 

23.1 

^5 

40 

8        40.3 

40.6 

40.6 

29.7 

3'.4 

26.6 

32.4 

26 

38 

6        39.8 

39-6 

27.5 

33.S 

34.6 

333 

25.3 

20.6 

29.9 

35.7 

27 

38 

38.7 

39.4 

25.1 

34.8 

35.4 

31-7 

26.0 

24.0 

37.0 

2S 

38 

9        43.4 

40.0 

40-8 

37.6 

34.3 

35.9 

32.8 

37-8 

20-5 

25-3 

29 

42 

4        42-1 

43'4 

43.6 

26.2 

33.5 

37.8 

32.6 

30.3 

18.5 

25.6 

30 

3' 

s 

3        45.8 

43.8 
44.6 

43.6 

28.4 

33.7 

31.7 

31.2 

28.4 
1    26,7 

23-7 

34-7 
24.5 

Hi 

'  IS 

0  observ 

tio..m. 

dc  on  th 

Bday. 
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OF  THE  ATMOSPHERIC  TEMrERATURE. 


Day  of 
Month. 

Jan. 

Fel). 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Portland,  Maine.     Lat.  43°  39'.     Long.  70°  i 

'  W.  of  G. 

Alt.  87  feet.      37  years  of  observation;  from  r8i5  to  1852,  inclusive.      Moody. 

MS,  in  Smithsonkn  Coll. 

J 

liO 

iM 

24.7 

36.0 

46°7 

55^0 

64,8 

.« 

6,=  ,     1 

5.-.    1 

41.9 

xi.Z 

16 

23.8 

36.1 

46 

56,4 

65,7 

66.2 

61 

6 

51 

9 

42.1 

29.3 

3 

18.4 

23-3 

36.1 

46 

S7-0 

63.8 

66.3 

52 

40.1 

28.9 

4 

18.5 

18 

3 

245 

36- 5 

46 

4 

57.6 

64.5 

66.6 

62 

7 

50 

3 

40.5 

29-3 

S 

18.0 

14 

7 

26.8 

36.4 

45 

7 

58.5 

65.0 

66.2 

62 

6 

50 

40.6 

6 

7 

37.6 

46 

4 

58.7 

66.3 

65.0 

62 

51 

39.3 

26.0 

7 

20.3 

19 

28. 1 

38.S 

48 

58.4 

66.9 

65.9 

60 

5 

49 

6 

39-4 

8 

19 

28.1 

3S.7 

48 

6 

59- S 

66.0 

66.4 

60 

49 

3 

39-8 

9 

17 

29.2 

3S-9 

48 

8 

59-8 

66.8 

65.6 

60 

50 

7 

2S.8 

38.9 

47 

60.3 

67.0 

66.4 

60 

49 

5 

37-9 

27.1 

iS.o 

286 

37.8 

48 

8 

59.9 

67.1 

65.7 

59 

3 

4S 

37-3 

24.1 

20.4 

iS 

5 

29.4 

37-9 

50 

59-4 

&7-3 

66.2 

58 

47 

8 

37-4 

24.1 

13 

18.3 

17 

9 

3'l 

38.7 

49 

59-' 

67.8 

66.5 

57 

5 

47 

6 

35-2  . 

23.1 

14 

17.9 

17 

8 

29.1 

3S.4 

49 

60-0 

66,6 

65.8 

57 

46 

36.. 

25-3 

15 

19-3 

18 

3 

39-0 

50 

59-6 

67-5 

65.1 

57 

4 

45 

35-7 

24-8 

i5 

19 

28.3 

38.2 

5' 

60.  s 

66.7 

64.0 

55 

7 

46 

4 

3S-7 

17 

20.6 

'9 

29.  z 

40.2 

52 

60.6 

67.6 

64.1 

55 

8 

46 

36.2 

22.5 

19.8 

9 

28.9 

39-6 

52 

60.3 

66.S 

64.2 

58 

47 

3 

36-3 

'9 

17-5 

5 

29-7 

40.6 

51 

62.7 

67.4 

63-9 

ss 

48 

5 

34.5 

2l'6 

18.8 

24 

9 

30.9 

4r-3 

51 

61.7 

67-5 

64.2 

59 

45 

33-7 

19.9 

26 

6 

30.8 

41-3 

54 

62.0 

68.0 

63-6 

56 

43 

5 

33-5 

21.6 

17.8 

27 

3 

29.7 

43-9 

51 

61.8 

68.3 

63-S 

53 

7 

43 

3 

33.4 

t6.i 

23 

17. 1 

25 

3 

32.0 

43-0 

53 

61.3 

67.4 

64.3 

53 

9 

43 

7 

33.4 

16.2 

24 

16,9 

34-0 

42-7 

52 

62.5 

66.1 

63-9 

53 

5 

44 

9 

31.2 

21.5 

25 

33-7 

4S'3 

53 

4 

61.7 

65.8 

64.2 

53 

5 

41 

9 

30.2 

23.9 

26 

24 

3 

33.1 

44.4 

53 

62.7 

647 

63-4 

53 

4' 

5 

30.2 

27 

20,8 

8 

33-2 

53 

52.8 

65.4 

62.8 

52 

8 

41 

29.2 

19.6 

28 

21 

4 

33-9 

43'6 

55 

63-3 

65.6 

62.0 

S3 

41 

3 

27.3 

29 

19-3 

26 

33-S 

45' 5 

53 

63.2 

66.2 

62.0 

51 

9 

2S.9 

21.6 

30 

18.6 

33-2 

4S-6 

52 

61.3 

66.0 

63.1 

52 

3 

29.9 

20.8 

Obse 

16.7 

rvations 

t© 

34.9 

54-5 

65-7 

62.9 

39 

8 

21.8 

rise,  noon,  and  8  P.  M.     Means  uncorrected. 

Usin 

g  the  tab 

es  for  Montreal  and  Amherst,  tlie  corredion  to  mean  deduced  frt 

m  observations  at 

©rise.n 

oon,  and 

8P.  M 

to  refer 

fo  mean  of  day  is  very  small,  for  6  months  it  is  nearly  0,  and  p 

obably  does  not  ri 

or  0.3  in 

any  on 

month. 

1 

Salem,  Mass.     Lat.  43°  31'.     Long.  70'  53 

W.  ofG. 

Alt,  30  feet.i     43  years  of  observation;  from  1786  to  1828,  incl 

sive 

Dr  Holyok 

; 

28,0 

23-5 

31-9 

41.3 

54-8 

62.7 

73-5 

73.' 

5 

2 

55-4 

41-5 

3.0 

28.2 

9 

30.6 

41-7 

53-5 

63.2 

73-' 

72,6 

6 

56.7 

34-2 

3 

24.9 

2( 

5 

31.3 

41.2 

52.2 

65.1 

72.8 

71-5 

(A 

■4 

56.6 

l^is 

32-3 

4 

26.9 

27 

30-7 

42.8 

54-5 

64.1 

72.0 

J2.I 

6f 

56.5 

42,9 

33.7 

5 

24.6 

8 

30- 2 

44.2 

53-7 

64.9 

72.7 

73.7 

6 

56,1 

43-9 

31.6 

6 

25.2 

^i 

32-5 

43.2 

52.6 

65.7 

72.9 

71.4 

6 

-4 

57-2 

43.4 

33-0 

7 

25.6 

28 

31-1 

52-7 

65.3 

72.9 

72.2 

6 

.6 

52.1 

42.4 

33-3 

8 

26.3 

28 

3 

43-9 

53-7 

65.8 

72.9 

73.6 

64 

■9 

52.2 

41-5 

330 

9 

25.6 

27 

30-9 

43.2 

53.7 

6S-0 

73-4 

64 

■7 

52-5 

41.5 

32.1 

26.3 

25 

32.0 

41. S 

54-7 

66,7 

73.6 

73.4 

6 

54.4 

43' 3 

3°-4 

25-1 

26 

34- S 

43-0 

54-4 

66.6 

73-0 

72.9 

6 

■3 

52.6 

41.3 

30.0 

26.5 

28 

6 

3S-7 

43.  r 

54-4 

66.6 

73.9 

72.6 

65 

53.6 

39-3 

29.0 

»3 

24.6 

27 

35-2 

44  5 

5S'4 

68.1 

73-3 

72.3 

64 

5 

53-2 

38.6 

30.  s 

'4 

239 

27 

8 

34-1 

45.7 

56.3 

66.8 

71.0 

64 

9 

52.2 

3S.8 

31.6 

'5 

26.S 

26 

4 

34-8 

45- 6 

55-9 

67.4 

73^6 

70.7 

65 

53.4 

39- 1 

30.1 

r6 

26.0 

25 

35.8 

45.8 

55-9 

66.8 

72.9 

71.1 

63 

6 

5'-i 

39' 3 

28.7 

17 

26.7 

26 

5 

36.3 

47.  c 

55-3 

68.9 

73-1 

71,1 

62 

7 

50.4 

38.4 

28,6 

iS 

24.8 

29 

7 

36.2 

47.8 

5fi-7 

67.7 

73-5 

71  f 

62 

6 

47-4 

38.1 

19 

23.0 

27 

36.9 

48.1 

56.7 

69.6 

72.1 

62 

5 

47-4 

36-4 

30.3 

20 

25,2 

30.2 

36.4 

48.9 

57-9 

68.7 

73. 0 

71. 1 

60.3 

46,0 

35-7 

29.0 

1  Given  as  75  feet  in  the  general  table.                                                                             | 
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DISCUSSION    OP   THE   ANNUAL    rLUCTUATIOK 


Day  of 

Month. 

Feb. 

Mav. 

Apr. 

May, 

Jmie. 

J"iy. 

A„, 

Sept. 

Oct.          Ndv, 

Dec. 

S  ale  m . — C  oat  inue  d . 

21 

47.7 

ssts 

68r4 

71.9 

69°6 

6o!8 

4S 

6        37^5 

23.S 

30'4 

36.5 

46,3 

72.6 

S 

58.1 

47 

7        36.3 

26.3 

23 

23-4 

27.7 

74.0 

58.7 

26.6 

24.6 

-(«.4 

74.2 

bi. 

S8.^ 

25 

23.1 

3!i-9 

48.4 

71. S 

73-5 

0^ 

3 

SB.  7 

4^ 

7        34-3 

IS.. 

5°'4 

72.3 

4i 

s      33.2 

26.S 

2^ 

25.4 

30.0 

38.0 

50.2 

70.3 

72.4 

57.2 

'        35-7 

28.4 

2S 

30' 9 

49.6 

;.,S 

72-5 

■< 

6        35-° 

30.5 

50-5 

■i 

73-1 

t 

30 

24.7 

52.3 

f>l 

72.4 

72.9 

bS 

7 

^6.s 

4- 

5         35.0 

28.5 

31 

24-1 

39-9 

74.0 

41 

7 

29.9 

Observations  at  S  A.  M.     Tabular  numbers  corrected  for  daily  fiuctuation. 

To  correct  the  table  of  temperatures  observed  at  S  A.  M.,  for  daily  flnctuatioii,  two  sets  of  corrections  were  applied 


first,  the  observed 

means  TV 

ere  referred  to  tlie 

Sfl 

m  observations  at 

SA 

.M., 

Noon,  sti 

nse 

and 

10  P.  M 

taken  8 

at  Salem 

from  a 

0  year  series  between  1819  and  1828,  inclusive;  secondly,  the  means  so  corrected  were  referred  to  \ 

the  daily 

mean  by 

means  of  lire  Amherst  table.      The  two  sets  of  corrections  and  their  snm  are  as  follows :— 

1 

I. 

II. 

I&II. 

I. 

II. 

I&II. 

January 

■4.52 

~o°89 

■ 

-3''-63 

J"!y 

h2°.26 

^!96 

"] 

hi°30 

Febni 

ary 

■4.48 

—0.47 

h4-0l 

August 

4-2.51 

—0.82 

-1.69 

March             1 

-3-52 

—0,91 

■2,61 

September 

■3-49 

—1.25 

-2.24 

Apra 

-2.49 

—1.03 

.1.46 

October 

■4.54 

—1.62 

-2.92 

May 

-1.94 

—0.98 

■0.96 

November 

■3.57 

—1.03 

-2.54 

Til 

June 

-1.70 

-0.99 

-0.71 

December      1    - 

-4.15 

— 0.46 

+3-70 

ay. 

above  c 

orrections  refer  to  the  middle  of  each  month,  and  by  interpolation  they  were  found  for  each  d 

WUliamstown,  Mass.     Lat.  42'^  43'.     Long.  73°  13'  W.  of  G. 

Alt. 

721  feet. 

23  years  of  observation;  from  1816  to  .838,  inclusive.      Prof.  C.  Dewey  and  Prof,  E.  Kel 
MS.  in  Smithsonian  Coll. 

"gg- 

J 

25,8 

16.I 

26.2 

38.6 

54,9 

63-9 

70.4 

69.9 

62,5 

53-5 

40.7 

31.6 

22.8 

18.9 

24.8 

38.6 

53-9 

64.S 

70.4 

69.3 

62 

8 

54.8 

40.5 

30.8 

3 

23.9 

39-8 

54.4 

63-3 

68.8 

695 

63 

6 

52.9 

39.7 

293 

4 

19.5 

25.5 

39' 2 

52-9 

65.1 

69.7 

6S.4 

64 

6 

50.4 

41.4 

28.5 

5 

29.6 

SI.6 

65.4 

70-3 

67.7 

64 

4 

52.9 

4'-3 

6 

22.9 

17^6 

30.8 

40.6 

54-1 

63,4 

70.7 

67.4 

63 

6 

52.0 

37-9 

2S.5 

2i.5 

21.7 

28.6 

42,0 

52.3 

67.4 

72.0 

69-3 

61 

7 

SO.  7 

40.1 

29.8 

22.7 

28.3 

42.8 

51.6 

65-7 

71. 1 

61 

4 

50.0 

40.1 

30-0 

9 

23-9 

21.3 

29,2 

41-5 

49-3 

66,0 

70-3 

62 

52.0 

39-1 

29.0 

23.1 

24-5 

31.0 

41.4 

Si-7 

64.7 

70.0 

69.0 

61 

50-5 

40,0 

25-9 

19.4 

22,5 

31-9 

41-3 

53-3 

66.6 

70.9 

70.0 

61 

5 

49-5 

39-3 

27-3 

22.4 

21.7 

33-1 

41.0 

56.0 

66.8 

70-S 

70.9 

59 

8 

47^9 

39-0 

27.1 

13 

34.0 

33-6 

41.6 

550 

66.0 

69.0 

69.1 

59 

5 

47.8 

34-3 

25.4 

1S.8 

20.3 

30-3 

43-9 

54.3 

65-9 

69.1 

68.5 

59 

7 

46.7 

35-8 

26,7 

15 

21.4 

21.7 

29.8 

43-5 

55-6 

65-9 

69.2 

67-4 

58 

6 

46,4 

35.2 

25-5 

16 

22.5 

22.4 

30- r 

44.1 

56.2 

66.8 

69.1 

66.6 

57 

7 

48.2 

35-4 

19.4 

'I 

24.3 

22.9 

29.0 

43-9 

57.4 

66.7 

68.6 

66.7 

SB 

4 

47.0 

38.2 

22.8 

18 

24.9 

23-9 

29.7 

43-5 

59-3 

66.3 

69,2 

67.1 

59 

4S.0 

3&-3 

26.9 

19 

23.2 

23-3 

30- ' 

44-7 

5S.6 

65.9 

70'3 

66.9 

58 

46.7 

35.3 

26.7 

20 

20.  s 

27.9 

33' 3 

46.  S 

59-0 

63,9 

70.8 

66.9 

57 

9 

46.9 

35-4 

25.0 

20.3 

30.6 

3I-S 

47.1 

61-0 

66.2 

69.5 

66.7 

56 

7 

44-9 

35-0 

22-7 

20.7 

29.0 

32-2 

44.1 

6l.2 

66,2 

69.6 

66.2 

55 

3 

35-0 

17.8 

23 

18.7 

26-5 

35-4 

46.2 

59-3 

66.4 

70.8 

69.7 

55 

46^3 

33-7 

17-5 

24 

17.9 

23-7 

37-9 

43-3 

59-7 

67,. 

70-3 

63.8 

55 

45-0 

29.9 

24.4 

25 

18. 1 

24.S 

37-7 

59-5 

66.4 

69,2 

63.6 

55 

4 

40-3 

29.1 

26.7 

26 

24.6 

35' 3 

ts-l 

5S-1 

67.0 

68.0 

64.7 

54 

40.9 

30-0 

24.0 

27 

23-3 

275 

3S-S 

46,  S 

60,  r 

67.. 

68.9 

63.8 

55 

6 

41.9 

29-3 

28 

24,0 

24.4 

3^-7 

47-5 

62.7 

67.3 

69-6 

62.7 

54 

40-3 

30.0 

23.0 

29 

20.6 

26.7 

34-5 

M.6 

60.7 

67.3 

70-5 

62.6 

63 

39-9 

31-4 

25-2 

30 

.9-8 

35-5 

51- S 

60.5 

70.0 

71-3 

69-3 

51 

8 

39-9 

31 

20.8 

37-7 

62.5 

70.5 

64.9 

39-7 

28!o 

Observing  boiirs  7„,  2^,  9^.      Tabular  quantities  inicorrecied  for  daily  fluctua 

1 
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(^9) 


(39) 


(^9) 


C29) 


Sept,    j     Oct. 


Providence,  Rhode  Island.     Lat.  41°  50'.    Long.  71°  24'  W.  of  G. 

Alt.  155  feet.      28J  yeai-s  of  observation;  Dec.  1831,  to  May,  i860,  inclusive.      Prof.  A.  Caswell,  observ 
Sipitlisoniaii  Coiit.  to  Knowl.     Wasliiiigtaii,  18G0. 


2i.3 

24.  s 

29^8 

41.0 

5'-7 

59-5 

69.7 

7o°4 

6S°4 

25-9 

246 

39.0 

39-5 

51.6 

62.4 

69.7 

70.4 

65.6 

25.3 

24.8 

27-5 

41.6 

52.1 

63-9 

69.0 

70.0 

67.2 

26.2 

23.8 

29.2 

42.6 

520 

63.2 

69.9 

69.9 

67.7 

26.4 

24.7 

30-4 

42.4 

51-3 

62.3 

70.4 

71. 1 

67.8 

26.4 

24.7 

32-5 

43  4 

53-4 

62.2 

67.6 

71.0 

67.2 

25.8 

32.1 

43.6 

53-5 

61.9 

67.5 

70.7 

65.9 

27.1 

26.0 

340 

44.5 

53-1 

63.1 

71-3 

70.8 

64.5 

27-3 

26.0 

34.8 

45-5 

53-7 

643 

71.2 

71.2 

65.6 

27.7 

25-4 

33-S 

44.6 

52.9 

65.2 

71.3 

69.7 

63-7 

27.5 

25-9 

32.7 

44.3 

53-7 

639 

71.2 

69.7 

65.0 

27.5 

23.9 

33-3 

45-9 

56-3 

63.2 

71.2 

71,3 

63.0 

27.4 

24.0 

3S.4 

41-9 

55.8 

64-5 

71-9 

72.1 

60.7 

28,3 

26.4 

34-3 

42.4 

ss-s 

65.8 

72,1  ■ 

59.4 

29.4 

27.1 

345 

42.7 

55-7 

65-6 

71.9 

69:5 

61.3 

29.5 

28.0 

34-4 

43.0 

57-5 

65.6 

70.0 

68.5 

60.3 

29.6 

25.5 

36.1 

43.8 

58.2 

65.6 

71.6 

60.  s 

25-5 

25.5 

36.2 

442 

58.1 

65-8 

72.7 

&S.I 

63-4 

23-3 

27.4 

35-5 

45-5 
45- s 

58.5 

67.1 

72.S 

68.1 

62.7 

26.3 

30.2 

37-0 

57.0 

67.0 

72.2 

67.4 

63.2 

29.6 

31-1 

38.1 

47-3 

57- 1 

67.9 

72-3 

67.9 

61.6 

25.2 

32-5 

34.8 

49-0 

SS-4 

67.0 

72-3 

68.8 

57.6 

23.9 

32.3 

350 

48.4 

58.2 

67.8 

71.9 

68.4 

57.0 

26.2 

28.7 

37' 0 

4S,S 

SS.2 

6S.0 

72.2 

57-6 

28.S 

27.8 

37-2 

47-5 

57-4 

68.3 

72.1 

SS-o 

29.6 

28.4 

37-7 

50.1 

58.4 

68.5 

72.1 

66.7 

57.4 

26.8 

29.6 

39-7 

49.9 

58.3 

69-0 

70.S 

67.4 

57.4 

26.  s 

29.6 

39-7 

49.1 

60.8 

69.7 

70-3 

66,4 

57-4 

27.7 

32.4 

39-1 

507 

59.0 

70.4 

70.7 

66.1 

55.4 

29,1 

39-7 

51. 1 

56.8 

70.3 

71,0 

65.7 

55-4 

26.5 

40,9 

56-4 

7[.o 

67-3 

56.5 


53.7 
53.6 

54-5 


49.3 
46.9 
44-3 


Observing  hours 

various,  generally  0^ 

•.  Ol-  2„,  10., 

from  Oct. 

to  March,  inclusive,  and  6„,  I   or 

2..  10.,  in 

maiaing  montlis.     The  tEibular  quantities 

are  corrected  for  daily  fluctuation. 

To  correct  the  observed  daily  means  resulting  from  three  observations  a  day,  taken  at 

various  hours 

the  foUov 

ble  was  prepared  and  used:— 

January 

— 0°3 

0.  I.  'o 

— o°i 

0,  2,  ,0 

-c% 

7,  I,  10 

+  0.1 

+0,1 

0,  2,  10 

March 

+0-5 

0,  I,  10 

.4-0.4 

+0.3 

(^,2,10 

-f-0.2 

April 

0,1,9 

+0-S 

0,  I,  .0 

+0.8 

6,  I,  10 

+O.S 

0;  I',  lo  } 

+"n! 

May 

0,  r,  10 

-fl.2 

6,  1,  10 

+0.7 

6,  2,  10 

+O.S 

June 

6,  I,  .0 

+  0.5 

^•;-;"i 

+\-i\ 

6,  2,  10 

+0-3 

July 

5, '.  10 

+0.9 

6,  2,  10 

+0,4 

August 

5,  I.  10 

6,  2,  10 

+  0.5 

September 

6,  I,  JO 

October 

--O.4 

6,  I,  10 

+0,4 

''  '° 

December 

0,  r.  10 

—0,2 

7.  t,    9 

-.3 

—0.3 

apply  lo  the  middle  of  cacli  monlli,  and  were  interpolated  for  every  day. 
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Albany, 

New  York. 

Lat.  42 

'  39'.     Long.  73= 

44' w. 

of  G. 

Alt.  130  feet.     21  years  of  observation;  including  the  years  1820  to  1829,  inclusive. 

MS.  in  Smithsonian  Coll. 

, 

2S-4 

18.4 

27?2 

42^6 

53.3 

64°S 

73°3 

71.6 

64.3 

SS-7 

43.6 

35^8 

23.4 

22.7 

29-5 

43' I 

54.7 

66.6 

71.2 

71.4 

67.2 

57-0 

43-3 

34 

3 

22.8 

23-4 

28.0 

43.4 

57-0 

66.6 

70.8 

73-4 

65.2 

56.3 

43-4 

32 

4 

19.8 

19.9 

29-3 

43-3 

55-9 

68.6 

71.4 

71,4 

66.7 

56.0 

3" 

7 

5. 

33.3 

43-9 

55.1 

68.8 

72.0 

71.6 

65-0 

56.3 

42.9 

3' 

6 

23-° 

22.7 

31.6 

45-7 

57-4 

68.7 

72.5 

72-S 

64.9 

53-8 

41. 1 

3^ 

3 

7 

24-3 

24.4 

30.6 

45-9 

55-2 

70.0 

73.5 

62.2 

53-8 

42-8 

34 

7 

S 

233 

24.1 

32.2 

45- 7 

55.6 

68.6 

73-' 

730 

61.9 

53-7 

32 

9 

9 

24-3 

23.6 

33-9 

4S-7 

54.6 

67.5 

72,0 

71-3 

62. 5 

SSJ 

42.0 

31 

4 

22.8 

27.2 

3S.t 

48.6 

54.9 

65.3 

72-3 

72.0 

62.6 

53- S 

42.0 

29 

8 

25.9 

35.8 

46.6 

57-1 

68.9 

70.5 

73-2 

63.3 

51.0 

40.8 

3? 

5 

24.8 

36.9 

47.1 

59-4 

69.5 

7'^- 3 

72.3 

61.2 

50-5 

38-7 

28 

13 

24-3 

2S.2 

33.7 

46.6 

5S.5 

69.4 

71.3 

62.2 

52.3 

37-6 

23-7 

23.8 

3"-5 

49.8 

59.8 

72,2 

71-3 

61.9 

49.6 

38.0 

3° 

3 

15 

23.7 

34-0 

50-4 

H-l 

70.0 

72.3 

69.8 

61.3 

50.0 

36,0 

9 

24.4 

28^2 

32.3 

48.7 

58.6 

70.4 

72-3 

70.1 

62.3 

49-5 

38-4 

28 

9 

17 

24.9 

30,0 

32.8 

;8.6 

62.3 

68.8 

71.6 

60. 5 

39-0 

25 

9 

iS 

24.7 

29.1 

33-S 

49-9 

63-7 

68.3 

71.9 

68.5 

60.0 

51-5 

37-1 

27 

6 

>9 

25.6 

35-3 

519 

62.5 

69.1 

73-' 

68. 5 

60-7 

48.5 

37-0 

28 

30.1 

37.4 

53-5 

63.8 

67.7 

71.3 

69-7 

61.0 

47- S 

36,6 

29 

9 

30.7 

33-5 

50.9 

61.7 

68.3 

73- S 

68.7 

60.2 

45-7 

36.7 

28 

9 

22.8 

29-5 

35-7 

50-5 

61.7 

67.9 

73.3 

69.1 

57.3 

44,6 

36.7 

26 

23 

27.9 

37.5 

50-7 

64-3 

68.2 

72.6 

68,9 

57-9 

48.9 

37.0 

7 

24 

17.9 

26.3 

47-5 

62,9 

69,0 

72.9 

57-6 

46,6 

34-4 

9 

35 

21.3 

26.6 

T&'-'s 

48.9 

63.2 

69-5 

72.4 

68.5 

57.9 

46.6 

35-7 

26 

7 

26 

25.0 

30-4 

39-1 

51.8 

63.1 

70.7 

71.6 

67,6 

5S-9 

45-3 

34.8 

24 

27 

=5.6 

28,1 

42.4 

53-7 

65.1 

73-4 

72-3 

66.6 

5&'9 

45-7 

34-1 

25 

9 

aS 

259 

27.4 

40.9 

51-0 

67.0 

70.4 

71.7 

66.3 

55-3 

44-7 

34-3 

27 

5 

29 

22.6 

24-7 

40-3 

53-9 

64.2 

71-3 

72.2 

67.3 

54-9 

45-3 

27 

6 

30 

40,4 

53-5 

64.2 

73-3 

73-1 

6S.9 

55-5 

44.2 

34-3 

27 

7 

3' 

20.8 

41.8 

64.3 

73.6 

69.5 

42.6 

28.3 

Tabular 

ObssrvatJons  at  3 

P.  M.  for  2  years,  at  9  P,  M.  for  10  years,  and  at  7  A.  M.,  2  and  9  P.  M.  for 

9  years. 

numbers  corrected  for  daily  fluctuation. 

In  computing  the  original  table,  the  observations  at  3  P.  M.  were  used  for  two  of  the  years,  those  at  9  P.  M 

for  ten. 

and  the  daily  means  at  7  A.  M.,  2  and  9  P.  M.  for  the  remaining  nine.     When  combined  they  afford  a 

olerable 

approximation  to  the  true  mean,  as  may  be  seen  from  the  following  statement,  which  shows  the  correction 

or  daily 

fluctuation  at  2  and  9  P.M.  deduced  from  the  observations  of  ten  years  of  this  series,  from  l820to  1829,  inclu 

sive,  and 

(he  reduction  from  2  P.  M.  to  3  P.  M.  from  the  Mohawk  table  of  daily  fluctuation:— 

Corr'n 

Refcr'd 

Corr'n 

Corr'n 

Corr'n 

Con'n 

Refer'd 

C„.n 

Corr'n 

Corr'n 

2  P.M. 

3  P.M. 

3  P.M. 

9  P.  M. 

7™.V9, 

2P.  M 

3P.  M 

3  P.  M 

9  P.  M, 

7„.2„.9. 

January 

— 4°4 

_., 

— 4°5 

+ 

■7 

-0.3 

io^y 

—7-7 

—-3 

— 8?o 

^ 

\-l% 

—'3-3 

— 5>4 

— 5.& 

+ 

.6 

— 0-3 

August 

—8-3 

— ,6 

—8.9 

\-<-7 

MaiT'' 

—6,6 

_-6.9 

T 

September 

—7-3 

—.6 

—7.9 

■1-4 

April 

—8.3 

—.6 

—8.9 

+ 

October 

—6.8 

—3 

-r.3 

May 

-8.4 

—5 

+ 

November 

-0,9 

June 

—7-9 

—5 

J:* 

+ 

.8 

-0.5 

December 

-3-8 

+  ■1 

—3-7 

.0,7 

—0.3 

The  correction  to  mean  of  7,  2,  9  is  from  the  Mohawk  table;  now  twice  the  correction  3  P.  M.  4-  ten  tim 

s  that  at 

9P.M,+n 

ne  times  that  at  7,  2,  9,  divided  by  21,  gives  the  following  table  of  corrections  ;— 

TanuaiY 

—0.2 

April 

+o!l 

July 

o°o 

October 

— o°l 

May 

August 

November 

March 

-0.2 

j™e 

-0.1 

September 

-O.l 

December 

—0.1 

for  any 

These  sm 

all  correclians  were  applied,  they  answer  to  tlio  middle  of  each  month,  and  were  interpolate 

other  day. 

Hosted  by 


Google 


OF  THE  ATMOSPHERIC  TKMrBHATURE. 


Day  or 
Month, 

Jan. 

Feb. 

Mar, 

Apr. 

May.    1   June. 

July.     1     Aug. 

Sept. 

Oct, 

Nov, 

Dec. 

Geneva,  New  York.     Lat.  a,z° 

53'.     Long.  77°  01'  W.  of  G. 

Alt.  sS/fcet. 

From  12 

ears  of  observation ;  from 

854  to  1865,  inclusive.     Dr.  W.  D. 

Wilson. 

In  the  zotli  Atmual  Report 

3f  tlie  Regents  of  the  University  of  tlie  State  «f  New  York,  Aibany,  1868 

, 

24.73 

27°8i 

29.29 

33°32 

49.19 

62.00 

68.19 

73.29 

63.93 

54.13 

48.°25 

34-98 

23.31 

21.45 

28.72 

38-45 

48.98 

68.21 

73.12 

62.72 

55.45 

47.92 

32.01 

3 

26.19 

19.09 

31-81 

41.44 

48.14 

62.40 

69,68 

71.64 

63.76 

58.94 

44-75 

30.36 

4 

27-22 

19.41 

30.84 

41.42 

50.38 

60.15 

64.54 

70.93 

63-65 

58.54 

44.23 

29.S4 

5 

24.82 

23.10 

29-26 

41.29 

53.'2 

60.49 

68.67 

71-34 

65.38 

56.S7 

43-42 

31-30 

6 

25.34 

23.34 

28.26 

37.S0 

52.17 

60.89 

70.62 

7'. 15 

65.17 

54-51 

41.32 

32.17 

7 

24.74 

26. 1  r 

27. 82 

41.98 

51.63 

61.55 

71.98 

70.78 

65.01 

54.60 

43-38 

32.03 

8 

19.09 

24.19 

29.78 

34.92 

55.31 

60.34 

71-47 

71-44 

65-12 

52.82 

43.13 

28.3s 

9 

22.54 

24.43 

29.66 

4I.8r 

55.18 

61.68 

71-36 

71.94 

64-45 

50-12 

30.43 

25.00 

19.93 

26.30 

40.23 

53.66 

61,10 

7 '-43 

72.40 

66.94 

50-59 

40.58 

30.70 

23.57 

21. 23 

30,62 

42.63 

5'.63 

60.81 

70.09 

71.53 

66.56 

52.41 

40-85 

29.84 

23.6S 

29.53 

44.63 

54.31 

63-13 

69.35 

70.03 

63.03 

50.65 

42.37 

28,25 

13 

27.32 

25.05 

29.50 

42.17 

51-7' 

61.94 

69.02 

70.59 

59.39 

49.48 

39.98 

33.63 

27.52 

25.00 

35. I& 

42.79 

56.27 

63.72 

70.52 

63-35 

48.48 

36.82 

35.69 

IS 

28.29 

27-54 

35.31 

41.92 

58.22 

66,04 

72.35 

67.88 

62:71 

45-73 

34.87 

31,06 

i6 

26.10 

27.15 

36.71 

43.64 

58.17 

6i.53 

71.57 

67.99 

60.37 

48.62 

38.84 

33.08 

24.21 

25.16 

35.67 

43-72 

55.92 

6449 

72,24 

67,87 

63-69 

48-74 

38.61 

27.96 

Z2,42 

29.12 

33.06 

46.54 

56-23 

67.7s 

72.41 

68.23 

61-03 

51.74 

39-70 

25.01 

'9 

25.57 

22.78 

30.24 

4S-4& 

55.76 

66.45 

74.32 

66.90 

58.21 

49,06 

38. 87 

27-31 

27.ro 

26.59 

30.76 

44.02 

55-S2 

66.00 

71. ,38 

68.45 

58.89 

46.37 

35.03 

26.22 

25.89 

26.93 

32.52 

47.07 

58.29 

67.12 

67.79 

69.29 

59.20 

47-30 

35-30 

25.96 

24.19 

30. 5  J 

32.82 

49.16 

56.71 

69.89 

6S.26 

68.53 

55.54 

47-62 

35.5' 

23-48 

n 

26.49 

29.71 

35-65 

45.8S 

59.91 

65. 48 

68.32 

65.88 

56-94 

45.14 

36.32 

24-25 

24 

26,28 

27.86 

43.25 

63.29 

66.61 

70.12 

68.00 

57-90 

45-07 

31.40 

21-87 

^\ 

27.62 

27.04 

33. '52 

45.94 

60.84 

70.17 

71.79 

66,86 

55.84 

43.09 

34.05 

24.26 

26 

25-SS 

27,72 

33.00 

47.70 

60.65 

72.25 

72.53 

67.55 

57-iS 

41.29 

34.27 

30.61 

27 

24.34 

31.02 

33-10 

47. 6S 

60.25 

69-88 

71.66 

65.39 

57.64 

41.54 

36.13 

28.73 

28 

27.32 

29.92 

32.70 

46.76 

57.32 

72.35 

72.12 

65.38 

56.53 

45. '7 

35-75 

27.38 

29 

26.08 

33-37 

37.22 

49.30 

57-57 

72.88 

71.37 

63-77 

55-37 

47-85 

34-62 

25.22 

30 

25.22 

37. 82 

49.70 

57-65 

69.48 

70.96 

61.5s 

52.88 

49.68 

36-22 

27.82 

3" 

40.00 

62.3, 

71.46 

62.41 

48.66 

y  fluclua 

22.85 

uo  of  Ai 

ril  8  dou 

tfi.I.    0 

>servii.g  \ 

oui-s.  7„.  2„  9.. 

Tabular  quantities  uncorrected  for  da 

-m 

ariett 

1,  Ohio 

.     Lat.  39°  z8 

Long.  81'  26' W.  of  G. 

Alt.  5S0  fcet.l 

33  years 

between 

1818-1823  and  I 

29-1859.     J.  Wood  and  Dr.  S.  1'.  I 

ildreth. 

an  Cont 

to  ICnowl.  No.  1 

,0.      Washington,  June,  1S67. 

(31  yr'. 

(31  y's 

33.2 

30.2 

38-6 

47.3 

65.0 

72.6 

71.4 

68.9 

59.6 

47  I 

37.2 

3I-I 

31-5 

35 

7 

47.2 

59^8 

66.8 

72.3 

7'-5 

68.6 

59.0 

48 

36.9 

3 

30.0 

31.4 

34 

8 

49.4 

60.0 

67.3 

70.8 

73.0 

68,7 

57.4 

47 

9 

36.3 

3'.i 

30.1 

37 

50.4 

60.6 

67.1 

6S.9 

72.5 

69.0 

55.8 

47 

7 

36.0 

5 

30.4 

29.2 

37 

5 
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The  tabular  numbers  for  five  stations,  having  the  longest  series  of  observations, 
are  graphically  represented  on  the  accompanying  plate. 

The  greater  irregularity  for  the  shorter  series  is  sufficiently  well  marked,  and 
the  zigzag  lines  of  the  Salem  temperatiire,  derived  from  a  43  year  series,  are  yet 
inconveniently  large  for  the  purposes  of  comparison. 

The  Marietta  and  Providence  daily  temperatures  show  many  coincidences  in  the 
zigzag  lines  or  in  the  differences  from  their  respective  mean  values  and  particularly 
so  in  the  winter  season  ;  the  Portland  temperatures,  also,  frequently  conform  to  the 
same  fluctuations.  From  this  we  infer  that  changes  from  the  normal  temperatures 
extend,  especitdly  in  the  winter  season,  over  large  tracts  of  country,  and  there  are  also 
indications  of  the  occurrence  of  the  same  phase  about  one  day  later  in  Khode  Island 
than  in  Obio,  showing  that  the  normal  state  of  the  weather  has  a  tendency  (especially 
in  the  winter)  to  an  easterly  progression,  the  same  as  recognized  in  the  case  of 
storms  or  unusual  thermal  disturbances  of  the  atmosphere.  About  the  20th  of 
February,  all  stations  indicate  a  rapid  rise  of  temperature,  this  epoch,  therefore, 
deserves  further  attention;  there  are  also  fainter  indications  of  an  unusual  de- 
pression about  May  31,  of  a  constancy  between  September  13  and  18,  and  of  a 
rapid  decline  about  Nov.  26. 

The  temperatures  recorded  at  the  above  stations  refer  nearly  to  the  savie  period 
of  time,  and  consequently  exhibit  many  coincidences  of  departures  from  regularity 
which  only  belong  to  this  period,  but  as  soon  as  we  compare  with  recorded 
temperatures  covering  another  period,  these  coincidences  disappear,  and  it  is  only 
by  such  comparisons  of  different  epochs  that  we  can  assure  ourselves  of  the  reality 
or  non-reality  of  any  suspected  deviation  from  the  regular  annual  progression.  The 
character  of  the  Salem  line  is  essentially  different  from  that  of  any  of  the  other 
lines,  its  period  terminating  about  the  time  of  the  beginning  of  the  others.  This 
is  the  only  station  where  the  record  extends,  in  part,  to  the  past  century. 

Examining  now,  specially,  the  suspected  periods  of  irregularity  they  will  possess 
a  strong  probability  of  existence  if  exhibited  alike  for  two  independent  epochs,  for 
instance,  those  of  the  Salem  and  Providence  scries.  About  the  beginning  of 
December  the  march  of  temperature,  at  all  the  stations  given,  appears  to  be  normal, 
though  there  is  a  remarkable  depression  about  November  26,  21,  28,  which  latter 
feature  seems  to  demand  further  attention.  There  is  no  thermal  anomaly  about 
the  middle  of  May,^  and  the  progression  about  February  12th  and  in  the  first  and 
second  week  of  March  appears  regular  enough ;  at  this  season,  however,  the 
accidental  irregularities  are  very  great,  and  may  hide  any  smaller  fixed  deviation. 
The  suspected  arrest  of  increasing  temperature  after  May  25  is  not  supported  by 
the  Marietta  and  Salem  observations,  and  the  rise  or  constancy  of  temperature  noted 

'  In  an  Article  on  the  Variations  of  Temperature  at  Toronto,  Canada  (Phil.  Trans.  Roy.  Soc, 
1853,  Tol.  143,  part  1),  Col.  Sabine  remarks :  "  On  a  reference  to  Table  IV,  it  is  seen  that  on  the 
average  of  the  twelve  years  from  1841  to  1853  the  11th  of  May  was  0°,1  below  and  on  the  ISth  and 
13tii  of  May  respectively  3°.l  and  2°,4  above  the  general  mean  of  the  temperature.  The  meteoro- 
logical observatioua  at  Toronto  during  these  twelve  years  do  not,  therefore,  support  the  supposition 
that  the  depression  of  temperature  on  the  11th,  12th,  and  13th  of  May  observed  at  Berlin  (from 
a  aeries  of  86  years  of  observations)  is  a  general  and  periodically  recurring  phenomenon  over  the 
whole  globe." 

25    March,  1875, 
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at  Marietta  and  Providence  between  October  27,  and  November  2,  is  contradicted 
by  the  ordinary  fail  of  temperature  observed  at  Salem  during  this  period,  but  appears 
supported  by  Toronto. 

The  smooth  curves,  given  in  the  Marietta  and  Providence  diagrams,  whicli  cut 
off  the  zigzags,  equally,  above  and  below,  are  obtained  by  tbe  method  of  successive 
means,  and  in  this  instance  represent  the  sixth  order  of  means.'  This  process 
facilitates  comparison  and  enables  us  to  construct  tables  of  daily  temperature,  the 
values  of  which  have  thus  become  more  consistent  by  the  removal  of  the  greater 
accidental  irregularities. 

In  the  tables  which  follow,  the  annual  fluctuation  is  given  either  directly  by  the 
daily  ordinates  or  by  those  of  smooth  curves,  obtained  by  the  process  just  explained, 
or  by  means  of  Bessel's  periodic  function  with  constants  supplied  by  observation,  as 
stated  at  the  top  of  each  table. 

The  director  of  the  Toronto  observatory  noticed  the  curious  fact,  that  the  daily 
means  or  normals  of  temperature  made  out  by  General  Sabine  for  the  epoch  1841 
to  1832  had  now  become  totally  inapplicable,  in  consequence  of  which  a  new  set 
of  normals  was  prepared,  employing  the  series  of  observations  from  1859  to  1868, 
and  calculating  the  tabic  with  the  help  of  Bessel's  periodic  function  as  had  been 
done  before. 

The  two  sets  of  tables  given  for  Toronto  will,  therefore,  represent  the  variability 
of  the  annual  fluctuation  for  two  epochs  not  very  remote  from  those  when  the 
extreme  values  obtain,  as  has  been  found  from  a  fuither  study  of  this  phenomenon 
of  the  shifting  of  the  epoch  of  maximum  cold  and  of  apparent  changes  in  the 
curve  of  the  annual  fluctuation.^ 

On  account  of  this  variability  of  the  annual  fluctuation,  the  years  of  observation 
from  which  the  daily  means  were  deduced,  are  stated  at  the  head  of  each  table, 

'  Supposiag  )/j  ^2 1/j !/,  ^s  2/5  ^j  to  represent  consecutive  values  of  the  daily  temperature,  the  resulting 
meau  of  the  sixth  order  and  corresponding  in  point  of  time  to  the  middle  ordinate  y,  wili  be  given  by 

e'?  {y,  +  6y,  +  15y,  +  20y.  +  152,,  +  ei/„  +  y,} 
and  in  general  for  )i  4-  1  ordinates,  the  co-efficients  are  those  of  the  nth  power  of  a  binomial  and  the 
divisor  equals  their  sum. 

No  precise  rule  can  be  given  prescribing  the  limiting  number  of  snccessive  means,  but  as  the 
values  converge  towards  a  constant,  at  fii'st  rapidly  and  afterwards  more  slowly,  it  will  soon  be  found 
that  after  repeating  the  process  a  few  times  very  little  impression  can  be  made  on  the  results  by 
continuing  it,  which  sufBciently  indicates  that  we  have  arrived  at  a  practical  limit.  We  may  either 
compute  directly  by  means  of  the  formula,  or  we  may  set  down  each  series  of  consecutive  means ;  the 
latter  process  offers  the  advantage  of  a  partial  check  in  the  regularity  of  progression  of  the  numbers 
standing  in  the  same  horizontal  line.  It  will  also  be  convenient  to  stop  at  an  order  of  an  even 
number,  in  which  case  tho  resulting  means  refer,  in  point  of  time,  to  noon,  whereas  odd  numbers 
(which  may  be  written  between  the  line)  refer  to  midnight 

'  Referring  tbe  reader  to  a  subsequent  part  of  this  paper  for  the  analyzation  of  the  results  connected 
with  this  iflcquality,  it  may  be  stated  that  it  probably  exists  over  the  greater  part  of  the  United 
States  east  of  the  Mississippi  River,  and,  perhaps  with  some  modification,  also  in  other  parts  of  the 
country;  allied  with  it,  but  not  necessarily  connected,  there  appears  also  an  inequality  in  the  amount 
of  greatest  cold  and  heat  extending  over  a  number  of  years,  which,  however,  leaves  the  annua!  range 
almost  undisturbed.  These  inequalities  are  necessarily  of  a  periodic  nature,  and  consequently  our 
daily  means,  in  oi'der  to  become  truly  normals,  must  comprise  at  least  one  full  period  (or  at  least 
half  a  period  if  the  curve  be  regular  and  just  includes  the  raasiraum  and  minimum). 
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66 

S         62.2 

49-1 

39. 8 

29. 

S 

S 

25.1 

23.6 

36;4 

37.  s 

47.7 

58.  t 

65,3 

66 

8         61.9 

4S.7 

39-5 

29. 

■ 

6 

35-' 

23.6 

26.7 

38.1 

48.0 

58.4 

65.5 

66 

8         61.5 

4S-3 

39-3 

29, 

7 

25-1 

23- S 

27.0 

38-5 

43.4 

58.7 

65.6 

66 

7         61.2 

47,9 

39-0 

28. 

7 

S 

25.1 

33-S 

27.4 

3S.8 

48.7 

59.0 

65.7 

66 

7         60.8 

47-5 

38-7 

28. 

5 

9 

25.1 

23-4 

27.7 

39-1 

49.' 

59-4 

65.9 

66 

6         60.4 

47.1 

38-4 

28. 

25.1 

23-4 

2S.0 

39-5 

49.4 

59-7 

66,D 

66 

6         60.1 

46,7 

38-1 

27 

9 

25.0 

23.4 

28.4 

39.8 

49-8 

59-9 

66.! 

66 

5        59-7 

46-3 

37.8 

27 

7 

25,0 

[23-4] 

38.7 

40,2 

50.  r 

60.2 

66.2 

66 

4         59-3 

46.0 

37. S 

37 

^ 

13 

25.0 

23-4 

29.1 

40.5 

^°4 

M 

f.-^ 

65 

3         58-9 

45-6 

37-2 

27 

H 

25,0 

23-4 

29-5 

40.8 

50.8 

60.8 

66.3 

66 

3         58.4 

45-3 

36.9 

27 

15 

25.0 

23-4 

29.9 

41. 1 

51.2 

6i.i 

66.4 

66 

3         5S,o 

44.9 

365 

26 

i 

16 

24.9 

33-5 

30.3 

4I-S 

51. S 

61,3 

66,5 

66 

I         57-6 

44.6 

36.2 

26 

6 

17 

24.9 

23-S 

30.6 

41.8 

51-9 

61,5 

66.6 

66 

0        57-' 

44-3 

35-8 

26 

4 

18 

24.9 

23.6 

3J.O 

42.1 

52.2 

61.9 

66,6 

65 

9         56-7 

44.1 

35-5 

26 

19 

24.S 

23-7 

3'.4 

42.4 

52.5 

62.1 

66,7 

65 

8         56.2 

43-8 

35-1 

26 

24.8 

23-S 

31-8 

42.  S 

53-9 

62.4 

66.7 

65 

6         52.7 

43-6 

34-8 

25 

24.7 

23-9 

32-2 

43-1 

53.2 

62.6 

66.7 

65 

5        55-2 

43-3 

34-4 

25 

24.7 

34.0 

32-6 

43-4 

53.6 

62.9 

66.8 

65 

4        54-7 

43.0 

34-1 

25 

7 

23 

24.6 

24.1 

32-9 

43-7 

53-9 

63,1 

66,8 

65 

3        54-3 

43.8 

33-7 

25 

6 

24 

24.5 

24-3 

33-3 

44.0 

54-2 

63.3 

66.8 

65 

0        53.8 

43.5 

33-3 

25 

5 

25 

24-S 

24-5 

33-7 

44,4 

S4.6 

63-5 

66.9 

64 

6    "i 

43-3 

33- 0 

25 

4 

26 

24.4 

24.7 

34' I 

44-7 

54-9 

63,8 

66.9 

64 

42.0 

33-6 

25 

3 

27 

24-3 

24.9 

34-5 

45-0 

55-2 

64,0 

^A-^ 

64 

4        52-3 

41.S 

32-2 

25 

3 

28 

24.3 

25.1 

45-4 

55-6 

64.2 

66.9] 

64 

2        51.9 

4'-5 

3t-9 

35 

29 

24.2 

35-2 

45-7 

55-9 

64.4 

66,9 

63 

9        51-4 

4'-3 

31-S 

25 

30 

24.1 

35-6 

46.0 

56.2 

64.5 

66.9 

63 

7        50-9 

41.0 

31-1 

35 

31 

36.0 

56.5 

66.9 

63 

40.8 

25 

2 

T 

ronto 

Canada  West. 

[Re 

oivcd  fro 

raG.  T. 

Kmgstoi 

Dirccto 

of  the  Toronto  Mag. 

observatory,  jV 

ay  23,  1 

70,] 

Resul 

lal  fluctuf 

tion  from 

a  seiies 

of  10  yea 

rs  of  observation  betw 

en  1859  and 

858,  or 

perature 

of  eyeiT 

day  deri 

ed  from 

computat 

on  by  Be 

sel's  per 

odic  function. 

J 

21.3 

22.5 

25-6 

35.6 

46.8 

57-5 

66,4 

68 

r         62.5 

51,0 

42,2 

30.5 

21.3 

22.6 

25,8 

36.0 

47-2 

66.5 

68 

0         62.3 

50.6 

41.9 

30 

3 

21-3 

22.7 

26.0 

36-4 

47-6 

66,7 

67 

9         62.0 

50,2 

41,7 

39 

6 

4 

22.7 

26.2 

36.8 

47-9 

58.5 

66.9 

67 

8        61,7 

49-9 

41.4 

2; 

22.8 

36.5 

37. 1 

48.3 

5S.8 

67.1 

67 

S        61.4 

49.5 

6 

22.8 

26.7 

37.6 

48.6 

59-' 

67,2 

67 

7        61.1 

49,2 

40.9 

28 

7 

[21.2] 

23.9 

27.0 

37-9 

49.0 

59-3 

67-4 

67 

6        60,7 

48. 8 

40.6 

27 

7 

8 

23.0 

37-3 

38-4 

49-3 

59-7 

67.5 

67 

4         60.4 

48. 5 

40.3 

27 

9 

Z7-5 

38.7 

49-7 

60.0 

67.7 

67 

3         60,0 

48,. 

40.0 

26 

21.3 

23^1 

27.9 

390 

50.0 

60.4 

67.8 

67 

3            59.6 

47.8 

39-7 

26 

4 

21.3 

23.1 

28.1 

39-4 

50.4 

60.7 

67.9 

67 

0        59.2 

47-5 

39.3 

26 

28.5 

39-8 

50-7 

61.0 

68.0 

66 

9         5S.8 

47.2 

39-0 

25 

6 

33-3 

2S.8 

40.2 

51-1 

61.3 

68.1 

66 

7         58.4 

46.9 

38.6 

25 

3 

21,5 

23.4 

29.1 

51.4 

6r.7 

66 

6         58.0 

46.6 

38.2 

24 

21.5 

23-S 

29.4 

40.9 

51-8 

62.0 

682 

66 

4         57-6 

46.3 

37.8 

24 

5 

21.6 

23.6 

4«-3 

S3-3 

62.3 

68,3 

66 

2         57.2 

46,. 

37.4 

24 

21.6 

23.7 

30-1 

41.7 

52-5 

62,6 

68.3 

66 

I         56.S 

45-8 

37-0 

23 

9 

■  21.7 

23.8 

30.4 

42.1 

52.8 

62.9 

65 

9         5^-4 

45- 5 

36,6 

23 

6 

21.8 

23.9 

30.8 

42.4 

53-3 

63-2 

6it 

65 

7         56-0 

45-3 

36.2 

33 

3 

21.8 

24.0 

3i-i 

42.8 

53-5 

63-5 

68.4 

6S 

5        55-5 

45.0 

35-7 

2: 

21-9 

34.3 

3'.4 

43-2 

53-9 

63.8 

68.5 

65 

3        55-1 

44-8 

35-3 

8 

21.9 

24.3 

31.8 

43-5 

54-2 

64.1 

[68.5] 

65 

1        54-7 

44-5 

34-8 

6 

24..  s 

33.3 

43-9 

54-5 

64,4 

68.4 

64 

8        54-3 

44-3 

34-4 

24 

34.6 

33.5 

44-3 

54-9 

64.6 

68,4 

64 

6         S3-8 

44-1 

33-9 

2  y 

25 

24.8 

32.9 

44-7 

55-3 

64.9 

68. 4 

64 

4         53-4 

43-8 

33-4 

26 

25,0 

33-3 

450 

55-6 

65.1 

6S.4 

64 

I         530 

43-6 

32-9 

9 

27 

22.3 

25.2 

33-7 

45-4 

55-9 

65.3 

68. 3 

63 

8         52-6 

43-3 

33.5 

7 

28 

22.3 

25-4 

34-1 

45-8 

56-3 

65.6 

68,3 

63 

6         53.2 

43-' 

32,0 

29 

23.4 

25-5 

46.1 

56-5 

65-9 

68.2 

63 

3         5'-8 

42.9 

3'-5 

s 

30 

22.4 

34-8 

46-5 

56-9 

66.! 

63 

I         51-4 

43.6 

31.0 

4 

3' 

22.5 

35-2 

57.3 

68.1 

62 

42-4 

21,4 
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DISCUSSION    OF    THE    ANNUAL    FLUCTUATION 


Day  of 
Montli. 

Jan. 

Feb. 

Mm. 

Apr. 

May.     j 

Jun.. 

>iy-  j 

Aug. 

i 

Sept. 

Oot. 

Nov. 

rJcc. 

Providence,  Rhode  Island. 

Resullmg  annual  fluctuation  from 

ascnc.of28iye 

vs,  1831- 

i860,  or 

mean  tern 

peratiu-e 

of  every 

ay,  deriv 

ed  from 

the  6tli  order  of  s 

uecessive 

means. 

, 

27"! 

2S".6 

30°.o 

40"  5 

5r°-3 

59°  5 

69°.8 

7o'>.5 

65=.2 

56M 

45''-6 

33''.6 

26:6 

24.8 

29.3 

40.8 

51.6 

61 

3 

69.8 

70,5 

66.2 

55-9 

45-7 

33- S 

3 

26.2 

24.6 

29.0 

4'-3 

51.8 

62 

5 

69.7 

70.4 

66.7 

55.1 

43.7 

33-4 

4- 

26.2 

245 

29,4 

42.0 

52,0 

62 

8 

69.6 

70.4 

67.2 

54.3 

45.4 

33-0 

5 

26.4 

24.6 

30-4 

42.2 

52,2 

52 

69.3 

70.5 

67.2 

540 

447 

32.6 

6 

26.8 

24-9 

3>-6 

43-2 

52.6 

63 

69.0 

70.7 

66.7 

53-9 

44-0 

32.3 

27.1 

25'3 

32.6 

43-8 

530 

52 

68.9 

66.0 

53-8 

43-6 

32.2 

27-3 

2-5 

33-4 

44-3 

53-2 

63 

69.9 

70.7 

65-3 

53.7 

43-4 

32.3 

9 

27-4 

25.6 

33.8 

44.6 

53-3 

63 

70.7 

70-5 

64.7 

53-6 

43-0 

32.3 

27.4 

25- S 

33-7 

44-7 

53-6 

64 

71. 1 

70.3 

64.3 

53.2 

43.4 

32.0 

27-5 

25.2 

33'7 

44-7 

542 

64 

71.2 

70.4 

^H 

53-1 

41.9 

31-' 

27.6 

24.9 

34.0 

44-S 

55-0 

64 

71-3 

70.8 

62.6 

52.8 

41.6 

30.3 

13 

27-7 

25.1 

34-5 

44.0 

55-5 

64 

71-5 

61.4 

S2-0 

41.2 

29.8 

H 

28.3 

25-9 

34-7 

43-4 

55-7 

65 

71.6 

70.7 

60.7 

50.S 

40.4 

29.8 

iS 

28.8 

26.6 

34-7 

43-1 

56.1 

65 

7'-5 

69.8 

60.5 

50.2 

39-8 

29-7 

i6 

28.8 

26.7 

35-0 

43-2 

50-9 

65 

71-4 

69.0 

60.8 

50-7 

39-8 

29.0 

I? 

27.7 

26.5 

35-5 

43-6 

H-'' 

P. 

71.6 

tl^ 

6..3 

51.7 

40.1 

28.  r 

iS 

26.5 

25.S 

35-9 

44.1 

58.0 

66 

72.1 

5!'3 

61.9 

52.2 

40.3 

27-3 

'9 

27.8 

36. 2 

44.9 

57-S 

56 

72,3 

-68,0 

62.3 

5'-7 

39-7 

27.0 

29-4 

36s 

45-8 

57-5 

67 

72.4 

67.9 

51.9 

50-3 

38.7 

25,8 

25.4 

30'7 

36.4 

47.0 

57-3 

67 

72.4 

68,0 

60.6 

49.1 

38.3 

26.5 

26.1 

313 

36.1 

47-9 

57-2 

67 

72-3 

58.2 

58.9 

48-7 

38.3 

26.3 

23 

2S-9 

30.8 

36.0 

48.3 

57-5 

67 

72.2 

58,2 

57-9 

48. 5 

37-9 

26,3 

24 

26.5 

36.5 

48-3 

57-8 

^l 

72,1 

57-6 

48.0 

36.7 

25,5 

25 

27.4 

37-3 

48.6 

5S.0 

68 

67.8 

57-6 

47.4 

35.1 

26.7 

25 

27.9 

28.8 

38.1 

49.1 

58-3 

68 

67-3 

57.5 

4S-9 

34.0 

26.5 

27 

27,7 

38.8 

49-5 

S8.8 

69 

71.2 

tl° 

57-2 

45-5 

33-3 

26.5 

38 

^7-5 

30.0 

39-2 

49-8 

59'0 

69 

70.9 

66.7 

56-7 

45.8 

33.2 

26.7 

29 

27-5 

30' 3 

39-5 

50-3 

58.5 

69 

70,7 

56.6 

56-2 

46.1 

33.3 

26.9 

30 

27'3 

39-9 

50-9 

58-0 

69 

9 

70.7 

56.6 

56-1 

46.1 

33-6 

27,1 

31 

26.6 

40-3 

58.1 

70,7 

66.5 

45-8 

27-3 

New  J 

laven 

Conn 

[C 

nn.  Aca 

.  yol.  i, 

art  I,  18 

56.] 

Resii. 

tingann 

al  fluctu 

tion  from 

a  series 

of  86  yea 

rvations 

778  and  1865,  or 

moan  temperature  [ 

of  every 

dsiy  dec 

ved  from 

computai 

onbyB. 

ssel's  per 

odic  fun 

tion, 

r=49° 

11  +  22= 

92  sin  (S 

+  263° 

jSO  +  o 

.29  sin  ( 

2fl  +  345 

-  24')  + 

D°.45  si 

{3a  -1-  229°  50') 

+  0-. 

2dn(49 

+  150°) 

+  0-.38 

sin(5S  + 

54°  31' 

-0.08 

cos  6fl,  where  B  Co 

nts  from 

Jan.  15. 

I 

27.4 

26.4 

31.1 

41.S 

52.1 

62  8 

70.5 

71.9 

67.4 

56.5 

45.5 

34.6 

27.3 

^6.5 

31-4 

42,1 

52-5 

63 

70.6 

71.9 

57.1 

56.1 

45.2 

34.3 

3 

27.3 

26.5 

3'-7 

42.5 

52.8 

63 

4 

70.8 

71.8 

66.S 

55-7 

44-8 

33-9 

4 

27.1 

32.0 

42-9 

53-1 

63 

8 

70.9 

71.7 

^■5 

55-3 

44-5 

33-6 

5 

27.0 

k? 

32.3 

43-2 

53-4 

64 

71.7 

66.2 

S5-0 

33,3 

6 

26.9 

26.8 

32.6 

43-6 

S3-8 

64 

4 

7'. I 

71-6 

65.9 

54.6 

43> 

32-9 

7 

26.8 

26.9 

32-9 

43-9 

54-1 

^ 

7 

71-5 

65.5 

54-3 

43-4 

32-6 

8 

26.7 

27.0 

33-2 

44-3 

54.5 

65 

7'. 3 

7'-5 

653 

53-9 

43.1 

32,3 

9 

26.6 

27.1 

33.6 

44.6 

54.8 

65 

4 

7>.4 

71.4 

55.0 

53-5 

42.7 

26.6 

27.2 

33.9 

45-0 

55-3 

65 

7 

71-3 

54.6 

53.2 

42.3 

31-7 

26.5 

27' 3 

34-2 

45-3 

55.5 

66 

71.6 

71,2 

643 

52-8 

42.0 

3'.4 

26.  s 

27.4 

34.6 

45-7 

55-9 

66 

71.7 

71. 1 

64-0 

52.5 

41.6 

3'-i 

13 

26.4 

27.6 

34-9 

46.0 

66 

5 

71-7 

71.0 

63.6 

52.1 

41.3 

30-9 

14 

26.4 

27.7 

35-3 

45.4 

S6.S 

66 

8 

7'1 

70.9 

63-3 

51.8 

40-9 

30,5 

IS 

26.3 

27.9 

35-0 

45.7 

S^.g 

67 

71.8 

70-8 

62.9 

Sl-4 

40.5 

30-3 

16 

26.3 

28.0 

36.0 

47.1 

57-3 

67 

3 

71.9 

70.6 

62,5 

5t-i 

40.2 

30,1 

26.3 

28.2 

36-3 

47-4 

57-5 

67 

6 

71.9 

70'S 

62.1 

50.7 

39.8 

29,8 

26.3 

36.7 

47.8 

SS.o 

67 

72.0 

70-3 

5i.8 

50.4 

39.4 

29-6 

19 

26.3 

2S.6 

37.1 

48.1 

58.3 

68 

72.0 

70.2 

61.4 

50.0 

39-1 

29-4 

25.2 

28.8 

37-4 

48.4 

5S.7 

68 

3 

72.0 

70.0 

61.0 

49-7 

38.7 

29.2 

26.2 

29.0 

37.S 

48,7 

59.0 

58 

5 

72.1 

69.8 

5o.6 

49.3 

3S-3 

29.0 

23 

26.2 

29.2 

38.2 

49.1 

59-4 

68 

8 

72.1 

69-6 

60.2 

49,0 

38.0 

28.8 

23 

26.3 

29-5 

38.5 

49.4 

59-8 

69 

72.  r 

69-5 

S9-8 

48.6 

37.6 

28.6 

24 

26.3 

297 

38-9 

49-7 

60.1 

69 

72.1 

69-3 

59-4 

48-3 

37-2 

23 

26.3 

29.9 

39-3 

50.1 

60.4 

69 

4 

72.1 

69.1 

59-0 

47-9 

36.8 

282 

26 

25.3 

30.2 

39.6 

S°-4 

50.8 

69 

6 

72.1 

68.9 

58.5 

47.6 

3e.5 

27 

26.3 

30- S 

40.0 

50.7 

61.1 

69 

8 

72.1 

68.5 

58.1 

47.3 

36.. 

27.9 

28 

26.3 

30.8 

40.4 

5'-i 

51.4 

70 

72.0 

68.4 

57-7 

46.9 

35.8 

27,8 

29 

26,4 

40,7 

51.4 

61.S 

70 

72.0 

68.2 

57.3 

35-4 

27,7 

30 

26,4 

51-8 

52.1 

70 

3 

72.0 

57.9 

56.9 

46,2 

350 

27.6 

31 

26.4 

41.4 

62,5 

71.9 

67.7 

45-9 

27-5 
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OF  THE  ATMOSPHERIC  TEMPERATURE. 


Day  of       , 
Month.       J''"' 

Feb. 

Miir. 

Apr, 

May- 

.„., 

J"iy- 

Aug. 

Sept.           Oct, 

Nov. 

Dee. 

Marietta,  Ohio. 

Resulting  annu 

id  fluctu 

tioti  from 

a  series  of  32  yea 

s,  iSi8- 

859.  or 

lie  an  tempera 

ufe  of  every  day,  derived  from  | 

the  6th  order  of  s 

uccessive 

means. 

1 

3i!s 

3«°3 

37-3 

47°7 

603 

65^6 

,/., 

0 
72-3 

69 

0         58^6 

47.1 

37-1 

3'-4 

31.0 

36.6 

48.1 

60 

3 

66.3 

71 

8 

72.1 

69 

0         58.3 

47-4 

36.  S 

3 

31.0 

30.7 

35.4 

48.8 

60 

3 

66.  S 

71 

72.2 

68 

9         57-4 

47-4 

36-4 

4 

30-9 

30.3 

36.8 

49-4 

60 

3 

67.0 

70 

72-3 

68 

9         56-3 

47.2 

36.1 

3'-i 

30.0 

37-9 

49.S 

60 

57.2 

4 

72.4 

9        55-3 

46.7 

35-8 

3i'5 

30.0 

39-2 

50.3 

60 

67.5 

72 

72-4 

9         55-0 

46.3 

35-6 

31-9 

30-3 

40-4 

So-9 

60 

72 

9 

72.4 

68 

8         55.2 

45-9 

35.5 

31.7 

30.7 

41.2 

51-3 

59 

68!4 

73 

72-S 

7        55-4 

45.4 

35-2 

9 

31.1 

31.2 

41.4 

S'-S 

59 

7 

68.7 

73 

72-6 

68 

2        55-5 

45-'' 

34- e 

3°.9 

31.6 

41.6 

S2-0 

59 

9 

68.8 

73 

72.7 

67 

3        55-0 

33-9 

31-0 

32.0 

42.0 

52.5 

60 

68.9 

72 

9 

72.8 

65 

9        54.2 

44-5 

33-5 

31-2 

32.5 

42,2 

52.6 

60 

6 

69.1 

72 

8 

73-0 

64 

6        53-1 

43.8 

33-5 

13 

3I.9 

32.8 

42.1 

S2.4 

60 

9 

69-4 

72 

73-3 

64 

0        52.0 

42-5 

33.5 

32.7 

33.0 

4I.S 

51.9 

61 

69.6 

72 

7 

73-5 

63 

8        51.2 

41.4 

33-6 

IS 

33-2 

33.0 

41.5 

51.6 

61 

69.9 

72 

5 

73-3 

63 

7        51-2 

41-1 

33-3 

16 

33-0 

32-7 

41.4 

51.6 

61 

70.2 

72 

72-9 

63 

6         5'-7 

413 

32-6 

17 

32.4 

32.8 

4>.3 

5I-7 

61 

9 

7°-3 

?2 

72.4 

63 

6         52.0 

41.5 

32.2 

31-9 

33-7 

52.0 

6t 

7 

70.3 

73 

71-9 

P 

7        5'-7 

32.2 

19 

319 

35.1 

41. 1 

52.S 

61 

4 

70.2 

73 

71-5 

63 

7        50-7 

40,8 

32-2 

31.9 

36.2 

41.4 

54-3 

61 

S 

70.1 

73 

7 

71. 1 

63 

2        49.7 

40-7 

31S 

31.6 

36.9 

S6.1 

62 

70.0 

73 

8 

70.6 

62 

3        49' 4 

41.0 

31.0 

30.8 

36-9 

42.8 

57-3 

62 

9 

70.1 

73 

9 

70.1 

61 

3        49-3 

30-4 

23 

30.3 

36.6 

43-6 

57-8 

63 

3 

70.1 

74 

69.8 

60 

8         49.2 

40,0 

30.6 

24 

30-3 

36.2 

44-4 

57-9 

63 

70.4 

74 

69-7 

60 

8        48.7 

38-4 

3i'3 

25 

309 

36.1 

45-3 

57-8 

63 

5 

70,9 

74 

69.6 

60 

7        48.0 

36.  s 

32.0 

26 

31-4 

36.2 

46.0 

57-6 

63 

9 

71.6 

74 

69-5 

60 

3        47- S 

35-8 

32.0 

27 

31.8 

36. 5 

46.4 

57-5 

64 

S 

72.2 

74 

69.5 

59 

7        47-0 

35-7 

31-9 

26 

32.2 

37.1 

4S-5 

58.. 

65 

72.5 

74 

69.4 

59 

0        46-6 

36.2 

32.0 

29 

32.6 

37.5 

46-7 

59-2 

65 

5 

72-S 

74 

69-3 

58 

6        46.3 

36.9 

32.2 

30 

32.6 

46.9 

60,0 

65 

4 

72.4 

73 

8 

69.2 

58 

6         45.3 

37-2 

323 

31 

32.0 

47-3 

65' 3 

73.0 

69.1 

46.8 

32.3 

YariabiUty  in  the  mean  temperature  of  any  one  day,  in  a  succession  of  years. 
The  fact  tliat  tlie  amount  of  departure  of  the  observed  temperature  of  any  day 
of  the  year  from  the  normal  value  assigned  to  that  day  from  a  series  of  years,  is 
variable  at  different  periods  of  the  year  may  be  verified  at  a  glance  by  an  examina- 
tion of  the  accompanying  diagram  of  the  annual  fluctuation  showing  the  progression 
of  the  temperature  from  day  to  day.  The  zigzag  lines  or  irregularities  are  evidently 
much  greater  in  winter  than  in  summer. 

To  obtain  a  measure  of  this  irregularity  we  deduce  the  probable  error  of  each 
normal,  and  thus  secure  the  advantage  of  comparative  numbers  of  the  amount  of 
this  irregularity,  as  well  as  a  knowledge  of  the  degree  of  reliability  of  our  normal 
temperatures. 

Let  n  =  number  of  years  from  which  the  mean  temperature  of  any  one  day  is 
deduced. 
A  =  difference  from  this  mean  and  any  observed  temperature. 
e  =  probable  error  of  a  single  value  observed,  or  the  probable  amount  of 

ordinary  departure  from  the  mean  or  normal  value, 
e  =  probable  error  of  normal  value ;  then,  with  sufficient  accuracy  for  our 
purpose, 


Vn{n  —  \) 
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198  DISCUS  SI  ON   Oi'    THE    ANNUAL    FLUCTUATION 

To  shorten  the  labor,  I  shall  here  only  present  the  values  of  e  and  e  for  four 
epochs  of  the  annual  fluctuation,  and  for  three  days  in  each  case,  viz. :  for  January 
20,  21,  22,  for  AprU  21,  22,  23,  for  July  22,  23,  24,  for  October  21,  22,  23;  epochs 
which  correspond  respectively  nearly  to  the  times  of  maximum  cold,  of  average 
temperature,  of  maximum  heat,  and  again  of  average  temperature. 

Selecting  a  station  near  the  Atlantic  sea-board,  one  on  the  western  slope  of  the 
AUeghanies,  and  one  near  the  Red  River,  we  have  the  following  results : — 

Probable  error  (e)  of  the  mean  temperature  of  any  day  about  the  periods  of 
maximum  cold  and  heat — 

January.  July. 

20II1.         2ist.  22(1.  Mean.  2zd.  23d.  24tli.  Mean. 

Providence,  R.  I.  .     .   7°.o       6".!  7^.9  ±7°.o  3°. 4  z" -9  3°-2  ±3°'S 

Marietta,  Ohio  .     .     .    7.0         6.9  7.2  ■±.-}.o  3.4  3.1  2.8  ±3-1 

Washington,  Ark,  .     .   9.8         S.o  7.9  ±:8.6  1.6  1.9  1.4  ±1.6 

and  about  the  periods  of  average  temperature — ■ 

April.  October. 

2i3t.  22d.  231-1.  Mesn.  2ist.         22cl.  23d,  Mean. 

Providence,  R.  I.  .     .   4°. 4       4". 2       3", 9        ±4". 2  5^.9       6°. 3       4^.7       ±5°. 6 

Marietta,  Ohio.     .     .   5.7         5.8         6.6  ±6.0  6.2         6.4         5.3         ±6.o 

Washington,  Ark.  .     .   5.2         4.6         5.2  ±5.0  5.2         5.5  7.0         ±5.9 

We  have  also  the  probable  error  (e)  of  our  daily  normals  as  given  in  the  preceding 
tables  for  Providence  (from  a  series  of  28|  years),  for  Marietta  (from  a  series  of  32 
years),  and  for  Washington,  Ark.  (from  a  series  of  20  years). 

Providence.  Marietta.  Washington,  Ark. 

January  20-22 ±i°-3  i:i''-2  ±i''.9 

April  21-23 ±0.8  ±1.0  ±1.1 

July  22-24 ±0,6  ±0.5  ±0.4 

October  21-23 ±1.0  ±1.0  ±i-3 

In  midwinter  the  mean  temperature  of  any  day  will,  therefore,  fluctuate,  in 
different  years,  from  2  to  5  times  as  much  as  in  midsummer,  and  the  fluctuation 
for  days  in  that  part  of  the  year  where  its  mean  temperature  is  reached,  are  inter- 
mediate between  the  maxima  and  minima  values. 

In  our  annual  curve  of  the  temperature  at  Providence,  the  daily  means  for  any 
two  adjacent  days  m  midwinter,  wiU,  therefore,  ordinarily  differ  by  e  -(/2  or  by 
^h  1°.8,  and  in  midsummer  by  i  0°.8,  and  at  the  intermediate  times  by  i  1°.3, 
and  ma^  differ  by  three  times  these  amounts,  or  even  more,  before  positively 
indicating  any  abnormal  influence  in  the  annual  fluctuation.  In  a  series  of 
observations  comprehending  100  years,  the  probable  error  of  the  resulting  average 
temperature  of  any  day,  in  the  colder  half  of  the  year,  would  still  be  J^  0°.6,  and 
in  the  warmer  half  ^i;  0°.4,  and  on  the  average,  the  normals  for  two  consecutive 
days  will  differ  ^  0°.7,  thus  showing  the  difficulty  of  clearly  making  out  small 
deviations  at  certain  suspected  periods  of  the  year.  If  a  series  of  observations  can 
be  had  long  enough  to  be  divided  into  two  or  more  parts,  and  the  same  apparent 
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deviations  are  noted  in  each,  the  probability  of  their  being  real  and  not  accidental 
would  be  much  strengthened. 

At  Providence,  for  any  day  in  the  winter,  a  deviation  of  20°  (or  of  three  times 
the  probable  error  [e]  assigned),  either  in  excess  or  defect  of  the  normal  tempera- 
ture of  that  day,  is  a  limit  which  is  but  rarely  surpassed,  and  for  any  day  in  summer 
this  limit  becomes  10°.  At  Washington,  Arkansas,  these  limits  must  be  changed 
to  25°  in  winter,  and  to  6°  in  summer. 

As  a  specimen  of  a  table  exhibiting  the  extreme  heat  and  cold  experienced, 
during  a  number  of  years,  on  the  same  calendar  day,  the  following  table  is  given 
from  Br.  "Wilson's  paper,  20th  Annual  Report  of  the  Regents  of  the  University, 
State  of  New  York  (Albany),  for  1868. 


Day  of 
Month. 

Jan. 

Feb. 

Mil 

r.         Apr.         M 

y.   i  Ju 

„. 

July. 

Au^^ 

Sept, 

Oct. 

N 

3V,             D 

- 

G-eneva 

New  York 

Lat.  42°  52'- 

Long 

77°  03 

W.  of  G. 

Alf.  S67  feot.      From  12  years  of  observiitio 

s;  1854 

0  1865, 

nclnsivc 

J 

51"     5° 

gO=  —2"  153" 

13° 

61°    11" 

69° 

39° 

75° 

46" 

86" 

55° 

90° 

56= 

83° 

50- 

69" 

4o'> 

73 

34- 5,- 

12 

41    —2 

41        3  I53 

65      21 

69 

31 

84 

50 

84 

49 

89 

59 

81 

46 

68 

39 

68 

3' 

54 

3 

41        6 

35    —5 

57 

5 

65      25 

68 

36 

80 

50 

49 

86 

57 

82 

46 

So 

44 

62 

34 

59 

4 

52        7 

36    —6 

57 

6 

6i      2S 

67 

34 

87 

38 

84 

32 

92 

62 

47 

79 

69 

23 

54 

53        6 

42    —1 

57 

68       23 

7S 

40 

84 

44 

87 

52 

84 

61 

87 

50 

82 

40 

72 

48 

8 

42        7 

53  —'9 

54       2Z 

33 

86 

48 

88 

54 

84 

62 

Si 

49 

74 

3& 

62 

53 

7 

46       5 

55— r^ 

5S 

4 

61       27 

31 

86 

47 

88 

55 

90 

57 

5^ 

79 

36 

58 

53 

8 

43   —I 

39    —9 

SI 

5 

63       25 

35 

7S 

49 

87 

57 

88 

58 

52 

85 

35 

58 

61 

4 

9 

41    —8 

46      II 

48 

—4 

68     26 

73 

40 

82 

46 

89 

58 

89 

58 

47 

75 

34 

65 

29 

51 

14 

46—16 

44        4 

49 

-5 

55     31 

77 

41 

85 

47 

90 

62 

go 

55 

87 

47 

74 

38 

58 

28 

64 

53       5 

S'        3 

54 

13 

72     29 

69 

30 

86 

41 

90 

57 

90 

58 

53 

76 

41 

59 

27 

54 

13 

6s       2 

51    —2 

S3 

66      32 

78 

36 

46 

56 

86 

87 

68 

37 

58 

47 

9 

13 

43       6 

64 

8 

63      22 

75 

39 

79 

50 

90 

55 

92 

58 

84 

5? 

P 

33 

55 

47 

14 

42       5 

54 

15 

62     27 

74 

39 

79 

54 

89 

59 

90 

55 

77 

46 

6S 

34 

57 

58 

7 

15 

44       6 

5&       5 

56 

4 

82 

46 

87 

54 

82 

5^ 

37 

70 

29 

50 

54 

5 

i6 

46       0 

46       8 

60 

16 

67     32 

§4 

39 

46 

90 

58 

84 

S5 

82 

52 

6S 

30 

48 

27 

58 

15 

17 

56  -. 

59 

S 

75     30 

84 

35 

5° 

97 

56 

84 

54 

85 

^1 

77 

35 

58 

26 

45 

8 

iS 

39—15 

47       2 

60 

74      3" 

82 

37 

89 

48 

91 

58 

5^ 

90 

48 

73 

37 

56 

29 

49 

—5 

19 

46   —I 

54 

6 

64      35 

68 

87 

53 

91 

^3 

85 

50 

1^ 

41 

74 

63 

28 

46 

6 

54       0 

44      '2 

63 

67      32 

75 

41 

54 

61 

54 

86 

H 

70 

30 

:i 

45 

5 

SI      10 

4S        9 

72 

64      34 

82 

43 

87 

55 

56 

85 

57 

76 

4S 

70 

29 

^3 

40 

14 

43    -^ 

49        4 

50 

15 

79      34 

84 

44 

55 

82 

ss 

86 

S3 

78 

63 

33 

52 

24 

37 

23 

51    —1 

52        7 

53 

15 

66      32 

85 

45 

86 

54 

84 

58 

79 

50 

78 

40 

§^ 

36 

50 

44 

7 

24 

48        6 

59        8 

49 

77      32 

ss 

42 

85 

57 

85 

54 

06 

52 

75 

45 

65 

32 

57 

19 

9 

3 

50        ■ 

53        5 

45        7 
49       10 

55 
51 

16 
19 

7°      31 
72      32 

11 

43 
44 

9" 

5S 
62 

90 
9' 

60 
62 

82 
86 

53 
52 

74 
74 

42 

^5 
63 

28 

47 
44 

52 
50 

27 

54       3 

60       10 

52 

19 

76      30 

So 

48 

86 

60 

57 

75 

51 

79 

28 

47 

44 

28 

40        6 

51       " 

61 

13 

78      3° 

82 

44 

89 

54 

61 

80 

53 

76 

45 

30 

46 

44 

39 

39      17 

5"     IS 

59 

17 

69      33 

83 

40 

94 

56 

87 

62 

78 

55 

71 

34 

71 

59 

46 

—5 

30 
31 

S  J 

68 
70 

16 

58      37 

80 
82 

39 
40 

90 

52 

9' 

5S 

53 

to 

76 

48 

74 

34 

72 

33 
32 

20,3s 

39 

Inequality  in  (he  epoch  of  the  annual  fluctuation  of  the  t 
A  secular  inequality  in  the  law  of  the  annual  distribution  of  the  temperature 
has  lately  been  noticed  by  Mr.  Kingston,  director  of  the  Toronto  obsei-vatory,  who 
stated  that  about  the  end  of  1868,  it  was  noticed  that  the  normals  given  in  General 
Sabine's  paper  (Phil.  Trans,  vol.  143,  1853),  derived  from  12  years  of  observations 
at  Toronto,  between  1841  and  1852,  were  wholly  inapplicable  to  observations  of 
recent  years,  and  that  a  new  set  of  normals  had  been  prepared  in  consequence,  using 
the  records  for  ten  years  between  1859  and  1868  and  Besscl's  interpolation  formula. 


Hosted  by 


Google 


200 


DISCUSSION   Oi'   THE   AN K UAL   FLUCTUATION 


He  further  communicated  two  tables,'  showing  by  five-year  means  that  January  was 
warmer  than  February  in  ]  841-5,  and  has  since  become  gradually  colder,  and  that 
by  forming  two  groups  of  years,  whose  centres  were  distant  about  20  years,  the 
temperature  of  winter  and  spring  (1841-50)  had  now  (1861-8)  become  lower,  and 
the  temperature  of  summer  and  autumn  higher,  and  suggests  an  examination  of  the 
larger  scries  of  places  in  the  United  States  with  a  view  of  learning  whether  the 
progressive  cliange  is  general  or  confined  to  special  localities. 

In  taking  up  the  study  of  this  subject  the  existence  of  such  an  inequality  was 
confirmed  for  a  number  of  places,  and  its  geographical  range  and  epochs  were 
approximately  determined.  Selecting,  from  our  general  tables  of  monthly  tempera- 
tures, such  stations  as  appeared  to  me  best  suited  for  the  purpose,  on  account  of 
their  location  and  length  of  record,  the  differences  (J. — F.)  of  the  monthly  means  of 
January  and  February,  as  well  as  the  differences  (J. — A.)  of  the  monthly  means  of 
July  and  August,  were  formed  for  each  year,  and  the  results  were  united  into 
means  of  five  years : — 


Table  of  differences  {J 

-F.): 

1  -\-  sign  indie  ales  February 

colder 

han  January, 

a — ^ign  the  reverse. 

Epochs. 

S 

6 

^ 

g 

i 

S 

u 

i 

1 
t 

0 

S 

M  1 

|g 

1 

s 

s 

1 

1 

1 
3 

s 

i 

It 

V.2 

U 

« 

1 

1 

6 

Z 

H 

t 

6 

1 

a 

i2 

e 

178 '-8S 

~ 

~ 

~ 

;_ 

—1.9  !      .. 

• 

• 

;, 

• 

1786-90 

+2.1 

1791^95 

-^,8 

—0.5 

1796-1800 

—2.5 

—1.6 

—1-4 

1801-05 

—4.! 

—3-3 

i8q6-io 

—2-3 

—4.6 

—3.4 

—4.5 

saj 

—4.6 

—4,0 

—2.9 
—1.9 

—2.7 

—5.4 

-2-5 

—2,0.      .. 

1821-35 

—4-2 

—I'.l 

—2' 7 

—2,9 

—3.3 

1826-30 

—3-5 

—3.6 

"S3 1-35 

—3-2 

—0-3 

4-'i.6 

—'■1 

—3.' 

—4.5 

4-' 

■3 

1836-40 

—3-3 

—1.3 

.4 

—2.9 

—3-3 

1841-45 

+0.. 

+0,3 

.6 

l+°'-h 

[4-V.7} 

[+»-3l 

[+0.5] 

[—•7] 

1846-50 

[+ar] 

[  +  1,.] 

+  [2.3] 

[+1.6] 

■6J 

+1-5 

+0-5 

+0.2 

—4,0 

.3 

1851-55 

—4.9 

+ 

—6.5 

—3.8 

—6.0 

.6 

1856-60 

—3.4 

— 2^6 

—5.1 

-3.9 

■3 

1861-55 

—2.9 

,5 

—2.6 

—3-7 

,6 

l866-6y 

-2.1 

—3-9 

j 

'  Coiupaiison  of  means  of  Jan.  and  Teb.  in  groups  of  five  years,  from  observations  at  Toronto: — 
1841-45  Jan.  warmer  than  Feb.  2°,6     j     1850-60  Jan.  colder  than  Feh.  0°.3 
1846-50     "  '■  "        "        3.6         I861-C5     "         "         "         "       1.5 

1851-55     "  "  "        "        0.9    !     18G6-G9     "         "         "         "       2.1 

CompariBon  of  seasons  in  two  groups  of  years  :— 

Winter.  Spring,  Siimmmer.  Autumn. 

1841-50 25M  41'=.0  64°.  T  46". 4 

1861-68 23.4  40.3  65.6  4T.4 

Difference — 1,T  — O.T  -[-O.O  +1.0 

In  General  Sabine's  paper,  the  coldest  day  is  Feb.  14,  the  warmest  July  28. 

In  1849-68  '■         '■         "     "  Jan,     fi,    "  "  "     29, 

(Letter  to  the  Secretary  of  the  Smithsonian  Institution  of  Jan.  25,  1870.) 
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In  a  few  instances  the  means  are  derived  only  from  3  or  4  years,  and  to  complete 
the  table  means  from  a  station  adjacent  to  that  heading  the  column  were  introdnced; 
upon  the  whole,  the  table  required  the  use  of  monthly  records  for  an  aggregate  of 
540  years.  Notwithstanding  the  incidental  irregularities  in  the  successive  values 
of  this  table,  they  appear  to  point  conclusively  to  an  epoch  between  184X  and  1850 
when  the  positive  values  reached  a  maximum,  in  other  words,  when  the  mean 
temperature  of  February  was  the  lower  (or  when  the  lowest  temperature  of  tho 
year  fell  in  that  month).  They  also  indicate,  though  with  less  certainty,  a  preceding 
epoch  about  the  beginning  of  the  century,  when  the  coldest  epoch  of  the  yeai-  fell 
early  in  January,  in  which  month  it  is  again  found  at  the  present  time.  Such  a 
shifting  in  the  epoch  of  greatest  annual  cold  can  only  be  of  a  periodic  nature,  and 
we  may,  therefore,  look  forward  in  the  course  of  a  few  years  to  a  return  motion. 

To  elucidate  the  point,  whether  the  epoch  of  maximum  annual  heat  was 
accompanied  by  a  corresponding  movement,  a  similar  table  was  prepared  contain- 
ing the  difi'erences  (J.^A.),  a  -|-  sign  indicating  July  warmer  than  August,  a  —  sign 
would  indicate  the  reverse.  The  successive  annual  values  of  which  this  table  is 
made  up  were  found  to  be  much  more  irregular  than  the  corresponding  values  for 
the  cold  period,  though  the  individual  difi'erences  are  smaller,  a  fact  which  might 
have  been  anticipated  from  our  knowledge  of  the  greater  variability  of  temperature 
in  winter  when  compai'ed  with  that  of  summer.  The  parallelism  of  the  movement 
over  large  areas,  also,  is  less  distinctly  pronounced  in  summer  than  in  winter. 


Table  of  differences  (J.—A.)  fo: 


change  in  epoch  of  the  greatest  annual  heat. 


Epochs. 

1 

6 

i 

s 

i 

1 

S 

s 

1 

1 

I 

2' 

1 

1 
1 

i 

1 

1 

i 

1 

1781-85 

1786-90 

1791-95 

1796-1SQ0 

1801-05 

fSo6-io 

1S11-.5 

i8i6~2o 

1821-25 

1826-30 

1831-35 

1836-40 

1841-15 

1846-50 

1851-55 

1 85 5-60 

1861-65 

1866-69 

- 

i 

+1.8 
-1-2.8 
+2.1 
+1.7 

+  2-7 

—0.4 
+1.4 

+4.1 
+2.9 

4-" 

+ 
+ 

■3 

.4 
■9 

■ 

■ 
■ 
-1 

-1-7 

hi-9 
-1.2 

■2.5 
.2.5 
■3.4 
■2.4 

+  1-9 

+  1.8 

fl.2 
—0.7 

+  1.5 
-1-2.8 

t 

-a 
-0 
-0 

■J 
■1 

6 
3 
9 

5 
6 
S 

5 

3 
9 

5 

H 

- 

.0.6 
-2,9 

-1,2 
■1.2 

■2*3 

p2.9 

-0,7 

h3-5 
h3-4 

1 

-9 
.7 
.7 

.8 

'.(: 
■5 

-1-0.6 

-1-2.2 

-Hi.o 
+'■7 

- 
- 

.l!2 

-4,0 
-4,0 
^3.9 

-3-4 
-3.0 

1-4.0 
■5-7 
-3.1 

- 
- 

hi-S 
■2,0 
-3-5 
-2.0 
■  1.1 
-4-7 
ho- 5 

There  appears  to  be  no  regular  progression  in  any  of  the  figures  of  this  table 
that  could  be  ascribed  as  accompanying  the  singular  anomaly  of  values  between 
1841-50,  and  even  when  means  are  taken  for  each  five-year  combination,  the  result 
remains  inconclusive.     If  there  is  any  variation  in  the  epoch  of  maximum  heat,  it 

26    March,  1875. 
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must  be  confined  within  much  narrower  limits  than  the  variation  in  the  epoch  of 
maximum  cold. 

On  the  western  coast  the  records  of  three  stations  were  examined  (San  Diego, 
San  Francisco,  and  Sitka),  but,  owing  to  the  shortness  of  the  record,  only  a  glimpse 
of  the  existence  of  an  inequality  could  be  obtained  with  an  indication  of  the 
occurrence  of  the  extreme  shift  in  winter  later  than  in  1844, 

Taking  means  of  the  values  for  the  different  stations,  for  winter  and  summer,  we 
obtain  the  following  results : — 


Cold  Season. 

Warm  Season. 

Cold  Season. 

Warm 

Season. 

Epochs. 

No.  of 

Mean  of 

No,  of 

Mean  of 

Epochs. 

No.  of 

Mean  of 

No.  of 

Mean  of 

Slatfoiis. 

Jan.— Feb. 

Stations. 

July-Aug. 

Stations. 

Jan.— Feb. 

Stations. 

July— Aug. 

1786-90 

2 

+  i°o 

2 

~ 

hr°S 

1S31-35 

10 

— 1°6 

10 

~^ 

h2.0 

1791-95 

3 

3 

hi 

1836-40 

9 

—1.8 

-2.9 

1796-1S00 

4 

hi 

5 

1841^5 

[+0.6] 

-1,1 

1801-05 

7 

hi 

.S46-50 

-1.4 

1806-1S 

6 

[-3 

9] 

[- 

6] 

1S51-SS 

-2.4 

i8ir-i5 

6 

6 

6 

1856-60 

—3.9 

h3.o 

1S16-20 

6 

9 

1861-65 

l82i-2S 

6 

9 

1866-69 

rS2^3o 

6 

—30 

^ 

Extreme  values  are  indicated  by  being  contained  within  brackets,  and  they 
point  approximately  to  the  epochs  1809  and  1844,  when  the  greatest  cold  fell  on 
the  average  early  in  January  and  about  the  middle  of  February,  respectively. 
Respecting  the  epoch  of  greatest  heat,  the  figures  leave  us  in  no  doubt,  though  the 
probability  would  seem  to  be  in  favor  of  a  corresponding  lateness  about  1808  and 
an  earlier  occurrence  in  the  position  of  the  maximum  at  some  rather  undefined 
later  epoch. 

If  the  preceding  result  could  be  considered  as  well  established,  the  cycle  of  the 
shifting  of  these  dates  of  maximum  cold  (and  heat)  would  be  about  twice  35  years. 


Tables  of  observed  extremes  of  temperature,  for  every  rnontli,  for  a  series  of  years. 

To  complete  our  information  respecting  the  annual  fluctuation  of  the  tempera- 
ture, it  is  necessary  to  examine  the  extreme  variations  from  the  normal  values ; 
with  this  view  the  following  table  of  monthly  extremes  has  been  prepared  for  a 
number  of  selected  stations.  They  comprise  nearly  all  the  longer  series,  for  which 
maxima  and  minima  have  been  tabulated;  the  extreme  values  given  are  those 
foumi  in  the  record,  entered  at  the  regular  hours  of  observation,  as  adopted  by  the 
respective  observers,  the  cases  of  maxima  and  minima  thermometers  being  very 
restricted.  They  do  not,  therefore,  exhibit  the  absolute  extremes,  but  only 
approximations  to  them;  besides,  the  intervals  of  time  over  which  the  series 
extend  are  far  too  restricted  to  entitle  the  extremes  to  be  regarded  as  anything 
more  than  approximations.  For  the  geographical  position,  and  the  actual  duration 
of  each  series,  after  the  deduction  of  breaks,  the  reader  will  have  to  consult  the 
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general  tables  of  mean  temperatures,  given  in  Section  I.  Observations  of  a  later 
date  than  lt»70  are  included  in  our  table. 

The  tabular  values  are  taken  from  a  large  manuscript  collection,  which  embraces 
the  observed  monthly  extremes  for  every  year  separately ;  in  this  form  the  table 
was  found  far  too  bulky  to  conform  to  the  plan  of  this  paper,  and  only  an  abstract 
of  the  manuscript  is  here  presented. 

The  headings  to  the  table  give  all  the  explanation  needed.  To  render  it  easy 
to  refer  to  the  general  tables  for  any  further  information,  the  table  of  extremes  is 
arranged  alphabetically,  by  States  or  Territories,  and  the  stations  in  each  are  also 
given  in  alphabetical  order. 


TABLES  OP  OBSERVED  EXTREMES  OF  TEMPERATURE 

FOE  BVBEY  MONTH,  FEOM  A  SERIES  OF  YEAES. 

PRINCIPALLY  FOR  STATIONS  WITHIN  THE  UNITED  STATES. 

ALL  VALUES  ARE  EXPRESSED  IN  DEGREES  OP  THE  FAHEENHEIT  SCALE. 
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BRITISH  NORTH  AMERICA  AND  CANADA. 

Ileighl. 

HlGIiESl   TEMPER4T1.RE 

■" 

■^ 

S 

>i 

•^ 

1.  CaledoLia  Coal  Mine,  K.  S. 

60 

Jan.      1867;      Dec.     1S69 

46 

^"j 

7? 

8°i 

2.  Chambly,  C.  E. 

Dec.     1S26 

40 

51 

75 

bo 

3.  Fort  Simpson      . 

June,    1848 

Apr.     1862 

40 

8 

Jan.      1861 

Deo.    i8b9 

'!4 

SI 

lb 

70 

70 

qi 

S-  Montreal,  C.  E. 

60 

Mar.    1845 

June,   1863 

64 

87 

O'i 

6.   Peel  River 

Feb.     1863 

18 

87 

7.  Rigolet,  Lab.      . 

July,    r86o 

June,  1S63 

10 

10 

5S 

A>i 

h8 

7b 

8.  St.  John,  N.  B. 

«ft 

Jan.      .834 

Feb.     i860 

Dec.    1870 

44 

48 

f'-i 

71 

S4 

90 

II.  Toronto,  C.  W, 

Jan.     1840 

Dec.    1870 

s'; 

K?. 

12.  WolfviUe,  N.  S 

Jan,      1861 

Dec.    1870 

55 

54 

57 

79 

S3 

92 

ALABAMA. 

I.   Huntsvilk 

600 

Jan.     1831;     Dec.    1839 

84 

Rft 

92 

2.  Mobile 

Sept.    .S73 

Ko 

8S 

96 

3.  Mt.  Vernon  Arsenal     .... 

Jan.     1843 

■June,   1874 

80 

84 

90 

95 

ALASKA. 

1,   Fort  Toiigass 

20 

Jnne,  i868;     Sept.    1870 

60 

Sept.    1870 

42 

H 

■;4 

09 

78 

3.  lUoolook 

July,    1820 

Mar.    1867 

01 

07 

20 

J^.-     1833 

June,    1874 

55 

55 

b4 

70 

75 

ARIZONA. 

I.  Camp  Bowie 

Aug.    1867;     June,   1874 

fiR 

71 

Rr 

87 

,™> 

2.  Camp  Colorado    . 

Jan.      i86s 

Dec.     1S70 

Kl 

87 

3.    Camp  Crittenden 

Bee.     1S70 

4.  Camp  Date  Creek 

Aug.    1867 

Dec.    1870 

71 

8ft 

5.   Camp  Goodwm    . 

Jan.     l86« 

May,    1870 

81 

Xfi 

6.  Camp  Grant 

June,   1874 

7.   Camp  Lowell  Tucson 

Nov.    l86t 

Dec.     1870 

7f. 

8.  Camp  McDow  11 

Sept.    1866 

June,    1874 

82 

9.  Camp  Ve  de 

Sq 

Sept.    1S69 

7-^ 

70 

87 

Sq 

II.  Fort  Bu  ha  a 

5330 

Aug.    1857 

Dec.    1859 

7h 

1 2.   Fort  Canby 

Dec.    1851 

hX 

08 

604 

June,   1864 

78 

5700 

Jan.      186s 

j™e,   1874 

78 

70 

94 

98 

no 

ARKANSAS. 

I.   Fort  Smith 

460 

Jan.     1840;     Mar.    iS6i 

So 

87 

1      6 

2.    Little  Rock 

Jan.      i84( 

Dec.    1867 

3.   Washington,  near           ,          .          ,          . 

6&0 

Jan.      1840 

Sept.    1867 

76 

90      92 

94 

« 
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Lowest  Temperatuke  eur 

fiQ  Each  Mon 

H. 

Year  of 

Year  of 

S, 

^ 

fe 

t. 

S 

il 

A 

<: 

<K 

0 

K 

(A 

< 

<; 

u 

^ 

R°Q 

s". 

yS 

7'; 

6, 

si; 

.868 

-10 

-1^ 

—  4 

°lo 

°22 

1°2 

36 

42 

36 

"22 

11 

—  4 

lSb8 

bl 

—  J<i 

!■ 

■<o 

51 

3" 

2-. 

—    1 

bK 

46 

1855 

41 

~    1 

—IS 

'^Al 

87 

Sa 

H:?. 

7'; 

07 

■;4 

1864 

—15 

—  14 

—  S 

■<2 

46 

4' 

34 

i:) 

—  7 

04 

2^ 

4U 

47 

47 

3o 

6 

74 

0 

14 

T! 

— 1^ 

-ss 

-SI 

—  :' 

30 

'4 

-'1 

—51 

'!^s 

—24 

Kl 

7b 

S6 

2C 

3q 

4-; 

4b  i  3b 

—14 

47 

—14 

— '■; 

27 

30 

33 

30 

2 

f)'; 

QO 

R^ 

6q 

S2 

— !■ 

— ic 

— '!4 

as 

18 

12 

4; 

33 

-iq 

76 

64 

S-i 

—2-; 

— ^s 

!■■ 

3q 

4U 

—  A 

12 

67 

63 

1 865 

—  9 

-'3 

—  3 

« 

*' 

55 

49 

39 

2(1 

■7 

—  7 

ALABAMA. 

, 

01 

q6 

01 

86 

7S 

fiS 

'838 

—  q 

—  7 

,j 

40 

,. 

11 

54 

30 

29 

13 

—  7 

1836' 

q8 

q6 

06 

ss 

7b 

1871 

4« 

to 

4: 

3t 

27 

1873 

1 

104 

98 

90 

84 

9 

13 

23 

33 

58 

bi 

57 

3^ 

24 

14 

1852 

ALASKA. 

J 

Q2 

Ri 

i;? 

.« 

1' 

46 

1870 

6 

Z3 

_, 

%-i 

3S 

43 

■;2 

47 

18 

37 

32      24 

1S70 

So 

6K 

W 

48 

42 

16 

38 

38 

28      20 

1870 

s 

77 

■Iq 

^S 

" 

47 

Tt. 

27 

34 

30 

38 

6        S 

1830 

4 

83 

(Jo. 

70 

57 

53 

1S33* 

-  4 

^ 

19 

28 

30 

34 

30 

28 

19 

^1       ^ 

1874 

ARIZONA 

, 

06 

8q 

So 

1873 

20 

32 

62 

lb 

22 

20 

'873 

104 

go 

1809 

-.f 

V 

I       4C 

S' 

(.1 

74 

61 

12 

4- 

1869 

■1 

io<; 

M4 

<( 

70 

:!S 

■ 

q     4< 

4' 

'^t> 

flT 

W 

17 

21 

17 

1869 

lO^ 

07 

6b 

84 

1S70 

2-; 

1« 

4S 

b1 

18 

12 

32 

21 

lb 

.S69 

■; 

g& 

^■1 

V2 

t' 

V 

S' 

■io 

71 

70 

■lO 

2', 

M 

iS66 

Q'^ 

1' 

ir 

■; 

2. 

1< 

50 

18 

11 

53 

3' 

2i 

1874 

7 

Qb 

oa 

78 

.fa09 

W 

1S69 

W 

bq 

1869S 

2< 

4- 

40 

b1 

11 

1; 

,874 

u 

m 

10^ 

og 

VS 

s 

I"- 

; 

V 

!( 

1 

r 

b 

6 

(f 

.' 

64 

16 

qS 

I-; 

«! 

v-; 

ms 

1' 

42 

17 

00 

16 

11 

2. 

11 

.858 

qb 

J  2 

bS 

iS,^ 

" 

36 

1855 

'A 

4< 

■873 

14 

105 

9' 

yz 

90 

''J 

—10 

10 

" 

^3 

3' 

3» 

31 

48 

32 

—    I—   9 

ARKANSAS. 

J 

102 

lOI 

87 

76 

.860 

2 

—  4  —  3      24 

r 

3? 

?fi 

;; 

„ 

.840 

<>4 

g6 

qo 

76 

1840 

17      12      40 

50 

fX 

ft4 

6^ 

IT 

3b 

1867 

' 

yu 

1S60 

3 

6        6      24 

38 

54 

5* 

36 

24 

"5 

1845 

'  Ahoin  1834. 

"  Alto  ill  1832. 

s  A 

so  in 

■  S30. 

*  Also  in  1870. 

=  Also  in  1874. 

5  A 

so  in 

iS73- 
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CALIFORNIA. 

Highest  TLiiitRAn  ri 

Name  of  Station. 

Hdgl.i. 

Series. 
Begins.                Ends 

T 

S 

s 

<; 

S 

k 

Feb.     i860;     June,    18-4 

7S 

7'R 

8°. 

8'h 

88 

3.  Angel  Island 

Dec.     1S67 

June,    1874 

72 

76 

81 

3.  Benicia  Barracks 

64 

Nov.    1849 

June,    1874 

qS 

4.  Camp  Bidweil 

4680 

Nov.    1863 

Tunc,    1874 
Dec.    1S70 

72 

S2 

97 

S-  Camp  Cady 

Sept.   1S61 

7b 

6.  Camp  Gaston 

Jnne,   1874 

bQ 

''I 

80 

:o-> 

7.  Camp  Independe 

4800 

Nov.    1862 

Jnne,    Ib74 

7-S 

86 

8.  Camp  Lincoln 

9.  Camp  Wright 

July,    1864 

Jnne,   1874 

77 

■<Q 

01 

10.  Drum  Barracks 

32 

May,    1864 

Nov.    IS 70 

81 

8n 

8S 

99 

u.  Fort  Bragg 

Dec.     i860 

Sept.    1S04 

iz.  Fort  Crook 

3390 

Jan.     1858 

Apr.    iSbg 

■;-, 

bh 

76 

84 

80 

99 

13.  Fort  Humboldt 

50 

Tan.      ,854 
Jan.      1S53 

Dec.     1869 

h(-> 

70 

71 

14.  Fort  Jones  . 

June,  185S 

fiO 

08 

15.  Fort  Miller 

402 

Aug.    1851 

Aug.    lS(i4 

70 

in 

16,  Fori  Point  , 

27 

Jan.      1S60 

Dec.    1870 

OS 

74 

70 

8, 

70 

17.  Fort  Reading 

674 

Apr.     1S52 

Mar.    1^56 

Mar.    I8S5 

84 

19.  Fort  Ter-Waw 

Apr.    1S59 

Oct.     186 1 

SK 

07 

80 

87, 

7^ 

84 

20.  Fort  Yuma 

Dec.    1850 

Jnne,   1&74 

h^ 

80 

106 

21.  Monterey    . 

May,    .347 

7b 

hf> 

8S 

22.  Point  San  Jos^ 

Mar.    1S66 

June,  1874 

6-; 

7'; 

78 

81 

"^7 

23.  Presidio 

150 

Oct.      1847 

72 

87 

8(> 

8q 

24.  Saeramento 

61 

8q 

25.  San  Diego  . 

150 

July,    1849 

Apr.    1866 

81 

00 

0. 

00 

Dec.    186-' 

Sn 

27.  Verba  Buena  Island     .... 

Oct.     1S73 

"4 

Mj 

So 

90 

COLORADO. 

I.   Fort  Garland 

Sept.    1852;     Jnne,    1874 

6a 

70 

8n 

3.   Fori  Lyon  ...... 

4DOD 

Jar,.      1S61;     June,   1S74 

72 

75 

98 

98 

ID7 

CONNECTICUT. 

i.   Colebrook 

1210     ■     Jan.     1861;     Nov.    1870 

S3      56 

72 

Si 

Ry 

91 

2.  Columbia    . 

an.      1861;      Dec.     1870 

70      64 

7« 

06 

3.   Fort  Trumbull 

4.  Middletown 

175 

an.      i860;     Dec.     1S70 

56      63 

78 

8S 

95 

5.   New  Haven 
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TABLES    OF    MONTHLY    EXTREMES 
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TABLES  OF  MONTHLY  EXTREMES 


NEW  HAMPSHIRE. 
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—  9 

8 

19 

2^ 

39 

50 

49 

34 

3 

—  ' 

1850 

NEW  YORK. 

, 

^S 

96 

89 

So 

,0 

62 

1830= 

—23 

—16 

6 

28 

40 

50 

3r 

30 

21 

—13 

1835' 

5! 

90 

70 

63 

1 861 

~i6 

—  6 

6 

14 

28 

44 

42 

30 

18 

—  6 

18618 

3 

98 

98 

90 

78 

65 

57 

1834 

—34 

_22 

14 

23 

23 

39 

30 

19 

14 

-36 

96 

95 

88 

^l 

70 

53 

186S 

2S 

34 

SO 

57 

52 

40 

25 

1868 

93 

76 

bS 

53 

—31 

—18 

—16 

15 

J7 

30 

38 

33 

17 

'835 

97 

9' 

80 

73 

60 

— rS 

13 

23 

36 

44 

4' 

32 

23 

—""6 

i86i 

7 

96 

90 

^^ 

^ 

60 

1831 

-36 

23 

37 

3f> 

23 

14 

—29 

1835 

97 

96 

g^ 

80 

69 

50 

.S30 

-36 

—16 

—  6 

28 

43 

48 

38 

26 

— 18 

1835 

9 

94. 

93 

84 

79 

70 

61 

1834 

—  8 

27 

42 

SO 

32 

—  9 

1833 

^J 

^? 

93 

?3 

70 

59 

1S38 

—28 

—19 

17 

27 

37 

32 

25 

1S40 

9^ 

96 

92 

S4. 

73     66 

1866 

-15 

—  3 

7 

13 

32 

38 

35 

26 

17 

1866 

98 

90 

67  !  57 

1834 

—30 

—30 

4 

31 

34 

3S 

26 

17 

—19 

1835= 

13 

93 

92 

S8 

7S 

6S      60 

1841 

—  8 

25 

32 

47 

42 

30 

183s 

14 

94 

96 

90 

78 

69      60 

183S 

—22 

—  8 

23 

26 

32 

3° 

14 

1835 

'5 

96 

96 

92 

Si 

72 

,82710 

—  6 

—  6 

3 

24 

28 

39 

53 

43 

32 

4 

183  s" 

16 

104 

99 

92 

86 

7' 

69 

1825 

—  7        2 

17 

31 

42 

54 

49 

39 

29 

—  3 

1866 

^l 

99 

96 

90 

84 

76 

65 

,Sfi4 

—  7        0 

iS 

34 

40 

47 

5° 

37 

29 

1866 

18 

^^ 

% 

94 

83 

72 

63 

1S30 

—  9 

IS        ' 

14 

18 

37 

48 

46 

33 

25 

1861 

19 

96 

9§ 

96 

82 

73 

67 

1S70 

26 

35 

43 

41 

3' 

26 

—20 

1S72 

1  Also  in  1845.                         1 

Also  in  1852.                                      S  Also  in  1851. 

Also  in  1S60. 

•  Also  in  1867,                         6 

Also  in  rS4S  and  1S46.                   '  Also  in  1840. 

Also  in  1S65. 

'  Also  in  lSj6.                        10 

Also  in  1849  and  1S64.                   "  Also  in  1861. 
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TABLES  OF  MONTHLY  EXTREMES 


NEW  YORK— Cont 

DUed. 

Name  of  Station, 

Height. 

Highest  Temperature 

Begins. 

Ends. 

^ 

45 

2 

< 

S 

20.   Fort  Porter 

u  0         I 

c      I%5 

Dec. 

1870 

SO 

5 

68 

80 

85 

21.   Fredonii      . 

71 

1830 

Dec. 

1848 

70 

6 

7" 

8d 

90 

90 

J2.   Gaines 

427 

n       1839 

Dec. 

1842 

59 

64 

% 

89 

9 

23.  Goshen 

425 

^n      1835 

Dec. 

1849 

60 

65 

84 

9" 

96 

24.  Gouveraeur 

400 

an       1831 

Dec, 

1870 

64 

59 

4 

5 

04 

5 

25.   Hamilton    . 

11  7 

an       1826 

Dec. 

1849 

6 

64 

78 

90 

9 

9" 

26.  Hartwick    . 

ai        1826 

Dec, 

1850 

59 

8 

9 

9 

21.   Homer         .          . 

109 

an       1832 

Dec, 

1S50 

07 

5 

89 

9 

9 

28.  Hudson 

150 

,n      1827 

Dec. 

1849 

62 

64 

8 

94 

09 

29.  Ithaci 

417 

in       1827 

Dec. 

.848 

60 

6 

98 

89 

06 

30,   Jamaica       .          . 

30 

ai       1S26 

Dec. 

1850 

67 

6 

79 

J,6 

9 

8 

31.  Jolinstown  . 

in      1828 

Dec. 

1845 

■: 

60 

75 

9 

9 

96 

33.  Kinderhook 

125      ; 

an      1830 

Dee, 

1846 

65 

f.8 

88 

91 

96 

33.   Kingston     .          . 

188 

a        1829 

Dec. 

1849 

9 

64 

78 

86 

96 

07 

34.  Lansingbui^h      . 

=0 

an       1826 

Dec. 

1846 

6 

60 

78 

90 

9 

09 

35.  Ledyard      . 

447 

n      1830 

Dec. 

1850 

62 

65 

76 

5 

89 

96 

36.  Lcwiston     . 

80 

a        1S3. 

Dec. 

1849 

62 

66 

77 

82 

6 

96 

37.  LowvillE     . 

8t7 

n      1827 

Dec. 

1S4S 

60 

60 

86 

99 

38,  Madison  Barracks 

62 

Jnne, 

1874 

65 

S& 

70 

79 

39.   Malone 

703 

,n       1839 

Dec. 

1842 

54 

68 

88 

8 

89 

40.  Mexico 

31' 

an      1837 

Dec. 

J849 

66 

60 

7 

94 

41.   Middlebnry 

800 

an       1826 

Dec. 

1848 

65 

4 

96 

07 

42.  Millville      . 

6do 

-m       1840 

Dec. 

1847 

58 

4 

80 

80 

;i 

9 

43.  Mohawk     . 

4jS 

u  e    1S60 

Dec, 

1S68 

50 

5 

60 

75 

85 

04 

44.   Montgomery 

n       1S28 

Dec. 

.842 

70 

68 

79 

97 

45.   Moriches      . 

13 

an      186S 

Dec. 

1870 

60 

7 

46.  Mount  Pleasant   . 

I2S 

n      "831 

Dec. 

1844 

57 

67 

7 

81 

93 

95 

47.  Newburg     .         . 

4 

an      1828 

Dec, 

1867 

6 

6 

98 

48.  New  York  . 

z'! 

an       1844 

Dec. 

1870 

6 

6 

4 

9 

07 

49.   Nichols       . 

Sao 

n      i860 

Dec. 

1870 

60 

6 

76 

6 

90 

07 

50.  North  Granville  . 

50 

in      1S3S 

Dec. 

1849 

to 

55 

9 

86 

97 

51.  North  Salem 

361 

an       1829 

Dec. 

1850 

60 

7^ 

76 

88 

05 

53.  Oneida 

500 

1         1S61 

Dec. 

1869 

sf> 

54 

7 

53.  Onond^a    . 

ai        1826 

Dec. 

1845 

64 

60 

80 

90 

94 

09 

54.  Oswego       . 

an       1861 

Dec. 

1S70 

57 

49 

19 

81 

S;.  Oxford 

yf. 

^n       1829 

Dec. 

1845 

64 

60 

74 

H 

94 

oS 

56.   Palermo       . 

J  7     : 

■u        i860 

Dee, 

.S70 

16 

4 

6 

05 

57.  Penn  Van   . 

40 

an       1829 

Dec. 

1844 

66 

t>5 

4 

93 

95 

58.  Plattsburg   . 

186 

Dec, 

1870 

56 

to 

7 

83 

96 

05 

59.   Pompey 

1300 

Dec. 

1843 

5(> 

72 

83 

88 

60.  Potsdam 

3  4 

Tl       1828 

Dec. 

1848 

57 

t>7 

70 

'i4 

94 

05 

61.   Poughkeepsio 

Dec. 

1849 

65 

(s 

78 

8'* 

94 

62.  Redhook     . 

an.      1830 

Dec. 

1842 

65 

05 

7 

90 

97 

63.   Rochester    . 

506    : 

an.     1830 

Dec, 

1869 

64 

6 

76 

07 

64.    Sackett's  Harbor 

266     : 

uly,    1859 

Dec. 

1867 

5 

5 

69 

3 

S 

65.   Salem 

an.     1828 

Dec. 

1847 

57 

60 

73 

^5 

07 

90 

66,  Schenectady 

300     : 

an,     1829 

Dec. 

1864 

53 

49 

59 

74 

67.  Spriiigville 

500 

an,      1834 

Dec. 

1850 

5^ 

64 

70 

80 

91 

68,  Troy  . 

58 

an.     1861 

Dec. 

46 

66 

S 

9 

69.  Utica. 

473 

an,     1826 

Dec, 

1848 

75 

6S 

79 

90 

90 

97 

70.  Watervliet  Arsenal 

50 

an.     1831 

Dec, 

■854 

59 

64 

7 

8 

04 

99 

71.   West  Point 

167 

an.      1827 

June 

1S74 

08 

67 

89 

72.  Whitestone          . 

!    824 

an.      1834 

Dec. 

1840 

3 

" 

^ 

NORTH  C 

iROLII 

*A, 

1.  Fort  Johnson 

an,     1820 

June 

1874 

76 

72 

80 

88 

92      99 

2,   Fort  Macon 

an.      1834 

Ang. 

1849 

68 

72 

78 

86 

93   1  9^ 
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OP  THE  ATMOSPHKEIC  TEMPERATUKE. 


NEW  YORK— Continued. 

DURING 

Each  Month 

Lowest  Temperature  during  Each  Month 

Year  of 
Extreme 

Year  of 
Lxtrcme 

i- 

S, 

■s 

S 

Heat 

1 

■s 

•s 

^ 

S' 

1 

§» 

S. 

i 

C^ld 

•^ 

< 

i^ 

0 

B 

Q 

S 

<! 

s 

^ 

•^ 

< 

M 

0 

K 

Q 

20 

92 

~i 

8°3 

ii 

<f7 

54 

1868 

-7 

~^ 

—10 

^ 

24 

3°7 

5°i 

44 

13 

22 

-10 

18661 

97 

94 

94 

7j 

64 

1830 

—  7 

—  6 

18 

25 

34 

42 

4> 

32 

9 

I8j2 

94 

92 

90 

78 

62 

56 

1841' 

—  7 

—  7 

'9 

30 

39 

46 

40 

30 

20 

4 

.839 

n 

96 

91 

hS 

82 

78 

'S39 

-30 

—16 

-  5 

30 

36 

32 

'4 

1835 

24 

99 

9i 

Si 

73 

58 

1842 

-3'' 

— j2 

j3 

37 

32 

— ; 

i8o5 

25 

'96 

90 

90 

82 

70 

64 

1831* 

—34 

—28 

— "! 

4 

28 

38 

33 

19 

1835 

26 

96 

89 

80 

74 

04 

1826 

—30 

6 

32 

40 

36 

27 

r6 

I'^Si 

Z7 

95 

9i 

70 

65 

•845 

—28 

—26 

— u 

40 

34 

28 

17 

—  7 

1836 

J8 

99 

j!* 

92 

6s 

67 

182?* 

—'4 

4^ 

30 

18 

7 

-16 

1S3S 

29 

99 

98 

94 

75 

66 

1S47 

15 

37 

43 

37 

2& 

■9 

—   5 

1830 

30 

95 

93 

8j 

70 

70 

1830 

—  7 

—  7 

26 

37 

46 

45 

29 

7 

■836. 

3r 

95 

94 

92 

78 

74 

56 

i828» 

—30 

—22 

6 

24 

jO 

42 

1^ 

25 

■5 

-25 

1S35' 

32 

97 

95  1  ''g 

73 

57 

I&45 

—30 

—  18 

24 

33 

41 

38 

26 

—17 

1840 

33 

93 

9'   ,  88 

8j 

64 

1S45 

—30 

—  S 

27 

40 

47 

30 

16 

1835 

34 

104 

08    1     {>2 

7S 

S7 

'845 

-25 

4 

25 

34 

42 

42 

25 

17 

1835 

35 

96 

90 

JO       SO 

72 

57 

lt,ij 

—  6 

—  ' 

14 

40 

50 

31 

19 

6 

2 

1 841 

36 

97 

9) 

95  1  82 

/6 

—  6 

25 

3» 

49 

44 

a 

37 

90 

8i)      80 

75 

00 

1 8^ 

— j5 

j7 

33 

16 

1835 

38 

94 

95 

90  1  80 

70 

60 

1872 

-25 

—30 

-j6 

7 

45 

> 

28 

18 

—44 

.871 

39 

94 

94 

H  1  7+ 

04 

45 

IV 

—24 

-IS 

30 

38 

40 

23 

6 

—14 

.840 

99 

92 

92 

92 

72 

58 

1838 

—24 

-24 

—'5 

iS 

31 

40 

42 

28 

8 

1837* 

41 

99      90 

8S 

78 

75 

1S26 

-IS 

-20 

—'7 

4 

17 

=5 

40 

32 

24 

'4 

7 

—17 

1832 

95 

90 

79 

55 

1 845 

—  6 

-5 

32 

40 

42 

28 

18 

5 

3 

1S41 

43 

92 

96 

S2 

70 

56 

1868 

-30 

23 

34 

44 

29 

18 

—20 

1861 

44 

104 

99 

98 

87 

79 

62 

1830 

—33 

-2S 

—  6 

4 

40 

38 

38 

25 

17 

—  6 

i8jS 

105 

98 

90 

?s 

7< 

62 

I86S 

_i4 

-15 

23 

37 

5' 

58 

S' 

30 

16 

—  4 

1808 

46 

97 

85 

70 

57 

1S38 

—  8 

5 

'5 

27 

37 

43 

49 

34 

27 

—  4 

i835» 

47 

105 

98 

97 

80 

76 

09 

1849 

-27 

—  14 

16 

27 

32 

48 

43 

30 

—15 

'835 

48 

96 

90 

8S 

72 

69 

1S66 

-'3 

-    J 

; 

24 

34 

40 

56 

53 

40 

1866 

49 

99 

92 

8b 

V 

64 

1808 

—18 

[7 

28 

43 

49 

30 

6 

-24 

1866 

So 

94 

92 

81 

So 

64 

1S40 

—31 

—25 

—14 

—4 

24 

34 

42 

31 

14 

1844 

51 

9& 

81 

74 

64 

1S41 

—31 

—  7 

15 

24 

30 

42 

17 

—17 

1835 

52 

97 

98 

18      84 

61 

1864 

—28 

-_  9 

27 

3S 

44 

35 

24 

8 

—  6 

1865 

S3 

99 

95 

93  1  81 

70 

69 

Ib26» 

_iS 

'3 

34 

42 

40 

jO 

-18 

1826 

54 

90 

9+ 

87  1  7S 

66 

59 

1863 

—14 

16 

28 

43 

5' 

VI 

26 

i; 

—15 

1866 

55 

96 

9j 

9» 

M 

62 

'lit 

-36 

—33 

9 

2b 

40 

32 

17 

14 

183b 

56 

99 

97 

n 

87 

73 

58 

1868 

-23 

15 

30 

j9 

40 

45 

29 

5 

1 861 

57 

96 

qt 

90 

84 

75 

63 

iSjoii 

26 

32 

44 

34 

25 

16 

7 

—  7 

i8?6 

58 

94 

96 

7S 

69 

60 

iS4o» 

—19 

25 

35 

42 

j4 

26 

4 

—  8 

1849 

59 

91 

89 

84 

76 

70 

60 

1837 

—18 

— !6 

—  s 

29 

45 

40 

28 

16 

—  3 

—18 

18351" 

96 

9-- 

89 

7' 

59 

183S 

—34 

-32 

—28 

J3 

34 

23 

—26 

1S40 

6r 

£05 

9S 

95 

76 

h8 

1S49 

— jO 

32 

i° 

46 

36 

28 

16 

4 

iS^5 

52 

98 

03 

91 

78 

Co 

1S35" 

—28 

—16 

15 

42 

44 

40 

30 

23 

6 

-  S 

1835 

63 

98 

94 

83 

74 

62 

1S44 

—  9 

—13 

25 

35 

34 

44 

7 

1801 

64 

91 

03 

88 

S2 

73 

1^63 

-36 

-46 

— j4 

7 

25 

3D 

48 

43 

2b 

23 

8 

—30 

1861 

6S 

94 

78 

75 

63 

1S40 

30 

o5 

41 

41 

27 

13 

—21 

1S40 

66 

94 

'j6 

87 

73 

72 

54 

1804 

::,6 

42 

51 

40 

33 

3 

1836 

67 

9S 

91 

87 

83 

70 

60 

1S34 

-I  J 

— M 

9 

20 

38 

34 

25 

18 

-  8 

—14 

1849 

68 

94 

85 

S7 

67 

56 

1808 

—22 

-28 

19 

3= 

43 

55 

50 

39 

26 

-  5 

iSbi 

69 

95 

96 

89 

79 

71 

57 

—■>(, 

—27 

—16 

9 

32 

41 

37 

jO 

.836 

70 

98 

09 

J^ 

79 

70 

66 

1834U 

-28 

4 

26 

40 

47 

47 

30 

16 

3 

-18 

1S35 

71 

99 

87 

73 

70 

1827 

— jO 

—  6 

14 

27 

40 

SI 

45 

36 

24 

1873 

72 

97 

98 

88 

81 

70 

^ 

1S40 

—33 

—32 

r! 

" 

6 

35 

41 

34 

23 

t6 

—  2 

—18 

i'<3S 

NORTH  CAROLINA. 

I     I03 

100 

98 

90 

84 

74 

1831 

'5 

31 

43 

52 

63 

57 

46 

28 

9 

9 

■835 

2;  95 

95 

92 

85 

74 

68 

'834 

19 

20 

S5 

39 

48 

61 

64 

6S 

56 

42 

31 

28 

.8« 

'  A 

0  in  1868. 

\ 

Also  in  1 

842,                         *  Also  i 

11  1843.                                     '  Also  in 

849. 

5  A 

0  in  1831. 

6 

Also  in  I 

844.                         7  Also  i 

1  1846  and  1850,                   B  Almoin 

S37. 

e  A 

0  in  1839. 

10 

Albo  in  I 

S28.                        "  Also  i 

1841.                                     »  Also  in  I 

S40. 

13  A 
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TABLES  OF  MONTHLY  EXTREMES 


OHIO. 

HiG 

HtST  TeMPEEATUKE 

Name  of  Si'ation, 

Height. 

Begins,                End 

_^ 

^ 

S 

" 

■^      U 

s 

< 

I.  Bethel 

an      1864 

Dec 

.S70 

6% 

«7 

74 

s'k 

nT 

n°i 

2.  Cincinnati 

540 

l«l-! 

.X70 

70 

7-; 

11 

01 

99 

3.  Cleveland 

<i4:i 

Dec 

1870 

84 

91 

,814 

1870 

67 

77 

8q 

1^ 

98 

S-   Granville 

995 

'837 

Apr 

lbS2 

f>6 

hj> 

TS 

Si 

91 

6.  Hillsborough 

1816 

.870 

Oft 

8l 

,S8 

1137 

1838 

1859 

DQ 

78 

84 

90 

8.   Kelly's  Island 

Dei. 

1870 

=14 

01 

71 

84 

91 

9.  Marietta 

e,   1818 

Dec 

1871 

1870 

i-l 

69 

11.  New  Lisbon 

961 

l86l 

Dec 

1 808 

!•?. 

76 

98 

12.  Norwalk 

1 861 

Dec 

1S68 

(S.1 

87 

13.  Toledo 

1S60 

Dei. 

1W9 

68 

8^ 

14.  Urbana 

I013 

1862 

Dec 

1870 

66 

7.1 

84 

89 

0-; 

15.  Witchfield 

1205 

an 

1861 

Dec 

1S65 

67 

70 

79 

87 

95 

OREGON. 

I.  Astoria 

Dec. 

.8. 

87, 

an 

84 

Block  House       . 

Mar.    1S58 

Dec. 

1862 

f.n 

9.1 

Camp  Harney      . 

Jan.     .868 

Dec. 

IS7S 

81 

■1 
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H. 
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88 
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3i 
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46 
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80 
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87 
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60 

Q^ 

7& 

07 

16 

';4 

1870 

ig 

6 

38 

41 

40 

3S 

1= 

10 

1872 

0 

Qb 

OS 

iSi^a' 

1' 

1862 

7JI05 

y* 

78 

63 

—  4 

~ 

3 

" 

4^ 

54 

5^ 

35 

29 

** 
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WISCONSIN. 

J 
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86 

85 

61 

10 

1864 

—30 

-r 

—  4 

10 

10 

45 

S2 

^8 

12 

10 

-  2—20 

.864 

08 

84 

f^^. 

--(6 

1864 

i 

OM 

00 

76 

■^o 

1839 

— 2- 

4 

48 

44 

30 

1S32 

08 

84 

76 

M 

;§f 

-30 

32 

42 

18 

H 

lb 

1823 

00 

04 

80  !  63 

16 

1870 

—20 

—17 

42 

48 

44 

34 

1864 

7 

07 

27 

04 

97 

84      66 

40 

—17 

-3^ 

—5 

'S 

IS 

13 

— u 

—12 

1863 

y 

yy 

" 

49 

_3o 

—27 

—17 

3'^ 

45 

s^ 

45 

35 

,8 

—   D 

WYOMING. 

, 

9'     92 

8S 

6q 

-23 

-30 

^ 

24 

13 

26 

—  3 

_3V 

—28 

1873 

103     97 

og 

8^ 

7' 

1871 

—2-; 

J4 

as 

18 

1 

100  ,107 

ou 

70 

SO 

1809 

— u 

—41 

40 

3 

—  1 

07 

b+ 

S7 

1871 

-18 

'■ 

34 

13 

lUS 

luS 

00 

go 

70 

—  f. 

5 

1/ 

SI 

37 

14 

' 

y? 

90 

7J 

—50 

—30 

"-' 

23 

29 

31 

16 

— ^ 

- 

- 

MEXICO. 

J 

78 

8n 

70 

77 

77 

77 

1862 

■;■! 

53 

1S 

fio 

67 

68 

68 

68 

68 

6.1     Srl     5S 

1863 

^ 

«5 

M4 

81 

So 

80 

81 

1868 

41 

43 

50 

59 

63 

b3 

64 

bi 

'i  «i  * 

.84 

COSTA  RICA. 

1     79 

79 

79 

79 

79 

80 

1865 

59     57 

60 

60 

64 

63 

61 

52 

5o 

5o 

5q>      60 

1866 

CUBA. 

' 

100     99 

99 

9S  1  89 

86 

1869 

54 

52     5> 

66      73      73 

73      73        64 

59 

5. 

1869 

NEW  GRANADA. 

r    86 

86 

85      86 

1 

1 865 

■ 

1 .  H . 

74  1  75  1  73  1  74  1  74  1     7. 

73      74 

1865 

1  Also  in  1870. 

I  Also  in  1S57,  1858,  and  i860.                        >  Ako  in  i860. 

1  Also  in  1824,  1B2;,  1836, 

nd  1830. 

s  Also  in  1871. 
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Although  the  contents  of  the  tables  of  observed,  extremes  of  temperature  can 
readily  be  scanned  by  simple  inspection,  there  are  a  few  urominent  features  which 
deserve  to  be  specially  noticed. 

With  respect  to  extreme  heat,  perhaps  the  most  remarkable  contrast  is  presented 
in  the  case  of  Fort  Simpson,  in  latitude  63°  10',  having  a  greater  recorded  maximum 
(104°)  than  even  stations  on  the  Gulf  of  Mexico;  as  for  instance,  New  Orleans 
(100°)  and  Key  West  (98°).  This  arises  on  the  one  hand  from  the  prolonged 
insolation  and  consequent  accumulation  of  heat  and  from  the  dryness  of  the  air  at 
the  northern  station,  and,  on  the  other  hand,  mainly  from  the  presence  of  a  large 
amount  of  moisture  at  the  southern  stations.  The  difference  of  latitude  is  not  less 
than  37|°.  Of  places  showing  high  extremes  in  all  months,  Forts  Fiilmore  and 
Cummings,  New  Mexico,  arc  prominent  examples ;  at  these  stations  the  heat  in 
January  rises  to  95°  but  only  to  107°  in  June,  The  former  fort  has  an  altitude  of 
3937  feet.  Other  stations  of  high  January  heat  are  Fort  Duncan,  Texas,  with  91°, 
and  Camp  McDowell,  Arizona,  Fort  Mcintosh  and  Kinggold  Barracks,  Texas, 
with  90°  each. 

If  we  regard  110°  Fah.  as  an  exceptionally  high  temperature  we  shall  find  it 
exceeded  in  the  following  states  or  territories  and  stations,  according  to  our  limited 
tabic : — 


Arizona     .     . 

.  Fort  Mojavg 

ii8 

California 

.    Fort  Miller   .      . 

121 

also  Camp  Cady  118°,  e 

Dakota      .      . 

.  Fort  Sully     .     . 

114 

Idaho  .     .     . 

.  Fort  Bois6     .     . 

121 

Indian  Territory 

.   Fort  Gibson 

ii6 

Kansas      .     . 

.   Fort  Larned 

"S 

elevation  1932  feet. 

Montana  .     . 

.  Fort  Shaw    .     . 

elevation  6000  feet. 

Nebraska  .     . 

.  Fort  McPherson 

ti5 

Nevada     .     , 

.   Camp  Halletk  . 

III 

elevation  5600  feet. 

New  Mexico . 

.  Fort  McRae       . 

I30, 

elevation  4500  feet,  also 

Albuquerque 

114, 

elevation  5032  feet. 

Texas  .      .     . 

.  Fort  Mason  .     . 

114. 

These  stations  are  all  in  the  western  part  of  the  United  States,  and  many  of  thom 
at  considerable  elevations. 

Exceptionally  depressed  heat,  in  January,  we  find  noted  at :  Fort  Ransom  34° 
and  Fort  Wadsworth  40°  in  Dakota;  at  New  Ulm  and  Sibley,  Minn.,  41°,  and  at 
Lunenburg,  Vt,  Stratford,  N.  H.,  and  Fort  Wrangel,  Alaska,  of  42°. 

With  respect  to  extreme  cold  its  geographical  distribution  depends  mostly  on  the 
latitude,  and  not  like  the  extreme  heat,  as  we  have  seen,  mostly  on  the  longitude. 
Outside  the  boundaries  of  the  United  States,  we  have  at  Van  Rensselaer  Harbor 
the  lowest  temperature  recorded  — 66°.4.  At  Peel  River  we  find  — 56°  recorded, 
at  Fort  Simpson  — 55°.  The  temperature  sinks  below  that  at  which  mercury 
congeals,  which  is  — 39°  Fah,  =bl°,  in  the  following  States  and  places,  according 
to  our  limited  table : — 
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Colorado  . 
Dakota      . 


Michigan  . 
Minnesota 


Wyoming 


.  Fort  Garland 

,  Fort  Abercrombie 

Fort  Buford 
.  Fort  Brady 
.   Fort  Ripley 

Minneapolis 
.   Camp  Baker 

Fort  Benton 

Fort  Ellis  . 

Fort  Shaw 
,   Gouverneur 

Lowville    . 

Madison  Barracks 

Sackelt's  Harbor 

.   Fort  Fetterman  . 
Fort  Laramie 
Fort  Sanders . 


—40",  elevation  8365  feet. 


The  region  in  the  vicinity  of  these 
stations  Is  one  frequently  visited  by 
the  most  excessive  cold  reached  within, 
the  limits  of  the  United  States. 


—40 

— 50,  elevation  7r6o  feet. 


To  ttie  above  would  certainly  have  been  added  the  States  of  Iowa,  Maine,  New 
Hampshire,  Vermont,  and  Wisconsin,  and  most  probably  others  bordering  on  these 
to  the  southward,  but  for  our  limited  collection  both  in  number  of  stations  and  in 
length  of  interval  of  time. 

In  the  warmest  month  in  the  year,  that  ia,  for  July,  the  temperature  is  recorded 
to  have  sunk  to  the  freezing  point  of  water  (32°)  or  below  it,  in  Arizona,  Maine  (at 
Brunswick,  21°),  Michigan,  Minnesota,  Montana,  Nevada,  New  York,  Oregon, 
Washington  Territory,  and  Wyoming. 

Subtracting  the  lowest  from  the  highest  temperature  recorded  at  any  one  station 
we  obtain  the  extreme  range  of  recorded  variability,  of  which  the  following  selected 
values  may  serve  as  examples :  Extreme  ranges  at  one  or  more  stations  equaling 
or  exceeding  140°.  British  North  America  (Fort  Simpson)  159°.  Dakota  146°, 
Iowa  140°,  Kansas  140°,  Michigan  140°,  Minnesota  147°,  Montana  156°,  New 
York  142°,  Wisconsin  140°,  and  Wyoming  147°. 

The  least  annual  extreme  range  is  recorded  at  Indian  Kcy,^  Florida,  42°,  and 
very  small  ranges  at  Key  West,  Florida,  54°,  at  Fort  Point,  Golden  Gate,  California, 
52°,  and  at  Alcatraz  Island,  Harbor  of  San  Francisco,  of  53°.  The  ratio  of  the 
highest  to  the  lowest  range  within  the  limits  of  the  United  States  (excepting 
Alaska)  is  as  3.7  to  1. 

If  we  investigate  the  extreme  range  for  each  month  separately  we  iind,  for 
instance,  from  the  72  stations  in  our  table  for  the  State  of  New  York,  the  average 
values : — 


A„„,., 

Jan. 

Feb. 

Mar. 

Apr. 

M.,. 

J.ne. 

J"iy- 

AuB. 

Sept. 

0. 

Nov. 

Dee. 

Highest  temperature    .     .     . 
Lowest  temperaUire      .     .     . 
Absolute  monthly  range  .     . 

Ratio,  the  average  being  69 

6\ 

82 

6. 

-19 
80 

73 
83° 

85 

9T 
67 

95 
35 
60 

98 

« 

S3 

96 
40 
56 

91 
11 

8z 
63 

72 
4 
68 

6^1 
75 

,.0 

0.9 

0.8 

0.8 

0.9 

0.9 

I.O 

..I 

'  A  very  short  series. 
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The  monthly  iihsolute  range  is  least  in  summer  and  greatest  in  winter,  a  result 
which  has  already  been  reached  in  a  different  way  in  reference  to  variations  in  the 
monthly  means,  and  the  ratios  indicate  a  regular  progression  in  the  yearly  period; 
the  January  variability  in  the  temperature  is  one  and  a  half  times  as  great  as  the 
July  variability. 

The  11  stations  given m  the  table  for  Florida  yield  the  following  results:  — 


A...,,., 

Jan. 

Feb. 

85°.  4 
32-4 
S3.0 

88°.  0 
39'3 

48.7 

Apr. 

go.2 
45-9 
44-3 

May. 

94-1 
5S-I 
39-0 

June. 

0 
97.0 
64-1 
32-9 

July. 

95-7 
68.8 
26.9 

97.1 
66.7 
30-4 

Sept. 

95-5 
63-0 
33-5 

Oct. 

90.8 
49-1 
41.7 

Nov. 

87!  2 
40.2 
47.0 

Dec. 

Highest  temperature     .      .     . 
Lowest  temperature      .      .     . 
Absolute  monthly  range   .     . 

Ratio,  the  average  being  41.9 

84% 
50-4 
53-8 

8s°4 
52-4 

1-3 

1.3 

... 

I.X 

0.9 

0.8 

0.6 

0.7 

0.8 

I.O 

i.r 

.., 

We  have  the  same  regularity  in  the  law  of  the  annual  progression,  but  the  ratio 
of  the  variability  in  January  to  that  of  July  is  as  2  to  1.  The  average  variability 
during  the  year  in  the  latitude  of  New  York  is  to  the  variability  in  the  latitude  of 
Florida  as  69  to  42. 


Tabulation  of  the  Mean  Annual  Temperature  in  the  United  States-,  and  at  some 
places  in  British  North  America,  for  a  succession  of  years,  from  the  earliest  records 
to  the  close  of  the  year  1870, 

The  object  of  this  tabulation  was  to  furnish,  in  a  convenient  form,  a  basis  for 
discussions  relating  to  the  study  of  the  variations  of  our  climate— as  far  as  the  same 
depends  on  temperature — during  long  intervals,  involving  questions  of  permanency, 
of  periodic  variations,  of  irregidar  fluctuations,  and  other  relations.  The  tables 
will,  therefore,  be  of  permanent  value,  since  they  furnish  the  earliest  material 
available,  and  they  have  consequently  been  made  as  complete  as  possible,  at  least 
within  the  area  of  the  United  States.  The  arrangement  is  that  by  States  and 
Territories  and  by  stations  in  each,  the  whole  in  alphabetical  order. 

In  conformity  with  previous  investigation  the  annual  means  have  been  corrected, 
as  far  as  that  could  be  done  now,  for  daily  variation,  excepting  those  few  cases 
where  the  hours  of  observation  were  unknown,  as  indicated  by  foot  notes.  To  give 
to  the  tables  the  fullest  extent  compatible  with  accuracy,  broken  records  (extending 
over  less  than  one  year)  have  been  completed  by  interpolation,  but  only  when  obser- 
vations were  found  recorded  during  at  least  9  months  of  the  calendar  year.  This 
interpolation  for  1,  2,  or  3  months  (as  the  case  may  be)  was  effected  as  follows: 
comparison  by  differences  was  made  with  records  complete  during  the  period  at  an 
adjacent  station  or  at  near  places  for  some  months  preceding  and  following  the 
lacuna,  and  the  average  difference  was  applied  to  the  record  to  furnish  the  inter- 
polated value  for  the  incomplete  station.  If  no  suitable  adjacent  station  for  com- 
parison could  be  found,  the  general  mean  from  the  whole  series  for  the  particular 
months  or  month  was  substituted  in  the  place  of  the  blank  record.     The  first 
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method  of  interpolation,  is  quite  perfect,  the  second  is  less  satisfactory,  yet  it  is  not 
apprehended  that  the  annual  mean  could  in  the  worst  case  be  vitiated  or  in  general 
rendered  uncertain  by  more  than  i  0".5.  In  all  cases  where  such  limited  interpola- 
tion had  to  be  resorted  to  the  fact  is  indicated  in  the  tables  by  an  asterisk  affixed. 

It  should  also  be  understood  that  all  tabular  annual  means  were  found  by  dividing 
by  12,  the  sum  of  the  monthly  means  belonging  to  the  calendar  months ;  the  small 
correction  for  inequality  of  months  (previously  referred  to}  is  nearly  constant,  and 
would  not  affect  any  conclusions  we  may  deduce  from  the  tables;  of  the  same 
nature  arc  index  errors  to  the  thermometers  and  reductions  for  difference  of  eleva- 
tion or  different  exposures  of  stations  at  no  great  distance  apart,  as  for  instance 
within  the  limits  of  a  city. 

The  bottom  line  of  the  tables  contains  the  resulting  mean  temperatures  for  the 
respective  stations;  they  are  in  general  the  mean  of  all  the  annual  means  in  their 
respective  cobimns,  but  they  are  made  up  from  the  separate  monthly  means,  and 
include  consequently  aU  monthly  means  whether  they  belong  to  complete  or 
incomplete  years,  in  fact  we  might  have  a  resulting  annual  mean  from  observations 
scattered  over  all  the  months  but  in  different  years  and  yet  no  single  year  complete. 
This  explains  the  occasional  differences  of  the  resultant  temperature  from  the 
simple  mean  of  the  individual  complete  years,  and  has  nothing  to  do  with  interpo- 
lation. 

In  conformity  with  custom  the  mean  temperatures  are  given  to  two  places  of 
decimals,  but  the  hundredths  of  a  degree  have  very  little  real  value,  and  that  only 
differentially. 


TABLES  OF  THE  MEAN  AMUAl  TEMPERATURE  IS  THE  UNITED  STATES 
AND  BRITISH  NORTH  AMERICA 

FOE    A    SUCCESSION    OF    YEAES. 

ALL  NUMBEKS  ARS  EXPRESSED  IN  DEGREES  AND  ERACTIONS  OP  THE  FAHRENHEIT  SCALE. 
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GREEN- 
LAND. 

1 

BRITISH  NORTH  AMERICA, 

1 

1= 

i 

i 

< 

5 

B 

1 

1 

1 

3 

i 

1 

II 

1- 

33-8* 

337D* 
31.90 

::: 

::: 
"7 

27.51* 
26.  rs 

A_ 

... 

37.1* 

37-17 

37-40 
38.90 

37.81 
37.87 
37.6s 

37.93 

s 

ll 

40.9 
41-5 
40.0 

40-80' 

li 

... 

39.91 
44.11 

4i:84 

... 
4i.„ 

a| 
|l 
.?. 

41.57 
42.19 

¥ 

39-66 
38.S0 
40.42 

39.62 

at 
P 

43-15 
44.77 

... 

1769 

1834 
1835 
1836 
1837 
1838 

>S54 
1855 
1855 
1857 
1858 
1859 
i85o 
1861 
1863 

:g 

J  869 

—4.2 
—2,47 

0 

::. 

'3-1 

3i'.8S* 
... 

19-75 

34.0* 

::: 

... 
... 

26.';  5 
29.03 

'3.15    3'-i8 

19-75'       - 

22.36 

43-35   i 

1 

1  Hours  of  obserraiion  unknown. 
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BRITISH  NORTH  AMERICA.— Continued. 

1 

§ 

|l 

.3 

1! 

1824 

1S26 

•ill 

li 
■s 

Z 

1S39 
1840 

1842 

■844 
1845 
1846 

■849 
1850 

z 

.853 

til 

41,0 
42.5 
40.3 
40,0 
42,4 
42.3 
40,4 

13-54 

ii 

45.9 

43-5 

44.8 
46,6 
45. 6 
43.5 
43.6 
43.8 
41,7 
39.5 
40,  S 
41.3 
43.S 
42.8 
43.2 
42.7 
42.5 
42.2 
43.3 
45.4 
43.  i 
44.0 
43.1 
43.4 

43-4 

1? 

1-^ 

1 
& 

u 

::: 

43.9 

44,0 
42.1 
43.8 

42,771 

1856 

z 

1859 

1S61 
1S62 

1! 
1^ 

1794 

■   1799 
iSoo 

.    1 802 

,  1803 
1804 
'805 
IS06 

;  1807 

1809 
1810 

iSii 

1856 

'Z 

IS6I 
1862 

■if 

l86S 
1869 
1870 

... 

as 

42.7 

43-9 
44.5 

43.4 

Hi 

42.4 
... 
... 

::: 

::: 

4^:98 
43.05 
43.20 

r4 

SI.  93 
49.16 

52.72 

13. 

50.  y5 
49,10 
51,80 
50.61 
52.09 

52.50 

53-30 

... 
41,71 

43-15 

::: 

«■;,. 

45 -4S 
43. O^* 
44.04* 

43-97* 

43.97* 
43.65* 

42.80* 
41.72* 
44.17* 

40.45 
40.92 
40,21 
39-72 
38.60 

41-56* 

::: 

40.05 
40.84 

43-69 

43-91 

42-75 
44-39 
42.07 
42.8S 

42,56 
41.70 
42.93 
43.15 

1^11 
41.95 

42.22* 

43.99 

43-65' 

42-83' 

43.41 

51-43' 

42.9s 

43.75 

40.3s 

41,18       42.12 

43.44 

44,48 

42.75 

43." 

1  Hours  of  observation  unknown,                                              a  Three  observations  (laily;  liours  not  slaled. 

Hosted  by 


Google 


TABLES    OP    THE    MEAN    ANNUAL    TEMPERATURE 


BRITISH  NORTH  AMERICA- 

Continued. 
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'I 

« 
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& 

5- 

..O' 
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0 

1 

i 

0 

§6 

si 
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%  — 

■^ 

'S  ° 

■V  0 

fe  0 

0  0 

0  ° 

:£  ° 

i 

Is 

P 

|l 

ii 

1^ 

1^ 

as 

P 

U 

u 

~Y 

1 

:. 

1S35 

.?, 

43-93 

.!. 

.° 

"tT 

.:. 

.!. 

1836 

44,01 

1837 

44,85 

:.. 

1838 

45.81 

49,0 

ijiog 

39- 3S 

'839 

48,23 

51-7 

iSlo 

41.50 

1840 

48,42 

51.7 

43-62 

42.94 

1841 

48,03 

50,7 

43-92 

lSl3 

40.20 

1842 

4S.O( 

49-7 

43-96  1 

41.07 

1843 

49,42 

49-7 

42.35 

1814 

41.12 

1844 

48,57 

52.  S 

44-48 

.815 

39-75 

1S45 

48,65 

44-58 

my 

38:62 

1846 
1S47 

50.82 

48- 77 

38,59 

46.36 
43-70 

I8IS 

40.49 

49.91 

45.08 

1849 
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303  DISCUSSION   OE   THE   SECULAR  VAllIATION 

Investigation  of  the  Secular  Variation  — The  following  discussion,  which  is  based 
upon  the  preceding  tabular  numbers,'  will  be  limited  to  the  examination  of  the 
secular  variations  of  the  temperature  for  places  within  the  United  States  or 
for  adjacent  stations.  To  ascertain  in  general  the  character  of  these  variations  a 
number  of  stations  were  selected  possessing  the  requisite  length  of  series  or  from 
which,  by  proper  combination  from  several  stations  at  no  great  distance  apart,  such 
a  series  could  be  produced  having  as  few  interruptions  as  possible.  These  separate 
or  combined  series  were  plotted  (see  accompanying  illustration);  this  could  be 
done  either  by  plotting  directly  the  annual  means,  as  in  the  case  of  New  Haven 
(see  isolated  dots),  or  by  smooth  curves,  as  shown  for  all  the  stations  which  resulted 
from  the  application  of  the  process  of  successive  means  (to  the  4th  order)  which 
has  been  explained  before.  This  process,  while  it  preserves  all  the  characteristic 
features  of  any  systematic  progression  of  temperature  during  a  succession  of  years, 
also  relieves  us  in  a  great  degree  from  the  embarrassing  presence  of  the  accidental 
and  minor  irregularities.  The  4th  order  of  means  was  found  quite  sufficient ;  the 
8th  is  given  for  New  Haven. 

Further,  the  process  of  combination  of  the  results  from  several  adjacent  stations, 
either  for  the  purpose  of  producing  a  more  extended  series,  or  for  filling  up  gaps, 
must  be  such  as  to  preserve  exactly  any  feature  or  features  common  to  all  the 
stations,  whether  of  a  progressive  or  a  periodic  character  as  might  be  produced  by 
a  disturbing  influence  of  a  general  or  cosmical  nature.  This  will  be  done  by  the 
method  of  differences,  as  wiU  be  explained  further  on.  If  we  examine  any  of  the 
numerical  and  graphical  results,  for  instance  those  for  New  Haven,  we  recognize 
in  the  first  place  certain  apparently  altogether  irregular  fluctuations  in  the  annual 
means,  their  influence  will  be  greatly  reduced  or  destroyed  by  successive  means  and 
by  combination  of  series  (since  they  are  equally  liable  to  -|-  and  —  deviations,  which 
will  tend  to  cancel  themselves) ;  in  the  second  place,  we  notice  certain  systematic 
changes  or  undulations  of  irregular  epochs  and  extent  which  will  be  subjected  to 
further  study  with  respect  to  their  character  and  geographical  distribution.  If  all 
the  series,  proposed  for  combination  to  a  normal  series,  were  of  equal  extent  and 
complete,  the  simple  mean  for  each  year  would  be  aU  that  is  needed,  but  for 
indirectly  connected,  overlapping,  or  defective  series,  the  combination  is  more 
laborious,  as  we  must  take  account  of  all  possible  differences  or  combinations,^  which 
can  only  be  done  by  application  of  the  method  of  least  squares.  After  the  series 
have  all  been  rendered  homogeneous,  by  application  to  each  of  the  corrections 
indicated  with  consideration  of  all  possible  combinations  and  their  weights,  the 
means  for  each  year  can  be  taken  as  before.  A  full  example  of  the  method  is 
given  below,^  and  the  same  is  intended  to  show  also  the  amount  of  local  variation 
in  the  annual  means  after  they  have  been  reduced  to  a  uniform  series. 

'  Tbe  tables  contain  altogether  about  1210  stations  with  an  aggregate  of  about  8500  annual  means. 
The  general  tables  are  estimated  to  represent  nearly  llj  millions  of  individual  observations. 

'  The  number  of  combinations  of  n  elements  by  twos  is  expressed  by  ~      . 

'  Suppose  it  be  proposed  to  combine  to  a  uniform  system  the  results  of  tbe  mean  annual  temperature 
of  the  49-year  series  at  Brunswick,  the  Sl-year  series  at  Portland,  the  31-yeaT  series  at  Grardiner, 
the  40-year  scries  at  Castine,  and  the  U-year  series  at  Cornish,  all  in  the  State  of  Maine,  for  which 
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The  series  of  annual  means  thus  obtained,  after  undergoing  the  process  of  suc- 
cessive means,  are  given  in  the  following  table.     A  combination  series  is  indicated 


see  preceding  tables.  Designating  these  series  iu  the  order  named  hy  A  B  C  D  S!,  vre  proceed  to 
find  the  differences  A  —  B  from  each  year  from  the  33  years  common  to  the  two  series;  this  gives 
the  mean  value  ^  —  ^  = -(-O^.S  with  the  weight  33  ;  in  like  manner  we  form  the  other  di£feroaces 
designated  by  y^-,  V,  V^  ■   ■   ■  subject  to  the  small  corrections  v\  v^v^  .   .   .   as  foilows. 
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304  DISCUSSION   OF   THE   SECULAR  VARIATION 

by  having  the  letter  C  and  a  Eoman  numeral  expressing  the  number  of  individual 
series  attached  to  the  name  of  the  principal  station.     These  combinations  are  as 


follows ; — 

Brunswick 

,      .   49  years. 

Portland     .     . 

37      " 

Constant  Reduction  -|-o°.S 

Brunswick,  Me.      .       - 

Gardiner    .     . 

31      " 

+=■■5 

Castine       .     . 

40      " 

0.0 

Cornish      .     . 

14      " 

+1.0 

Salem   .     .     . 

43  years. 

New  Bedford 

5S      " 

Constant  Reduction 

—0^.5 

Salem,  Mass.        .     .     ■ 

Cambridge 
Boston  .     .     . 
Fort  Independe 

50      '' 
32      '■ 

+0.4 
^0.7 

Providence      . 

34      " 

—0.6 

Montreal    .     . 

27  years. 

Second  series  . 

5      " 

Constant  Reduction 

— o°-3 

Third        "      . 

9      " 

^-o.7 

Montreal,  Can.   .     .     , 

Fourth      " 

5      " 

+0.9 

Fifth          ■'      . 

6      " 

—.1.1 

Sixth 

4      " 

41.2 

St.  Martin 

10      " 

+0.6 

New  Haven,  Conn. 

New  Haven    . 

85  years. 

Toronto,  Can.     .     . 

Toronto      .     . 

Flatbush     ,     . 

.  31  years. 
.  39  years. 

New  York,  N.  Y.     .     ■ 

Fort  Cohuiibiis 

Fort  Hamilton 

^  New  York       . 

48      " 
.   26      " 

Constant  Reduction 

—0^6 
—0.7 

Philadelphia, 

series 

Nos.  80,  8i, 

83  of 

general  table 

.     .   30  years. 

Philadelphia, 

series 

No.  82  of  gen 

liable  2o      " 

Constant  Reduclioi 

— 5°.S 

Philadelphia, 

series 

No.  87  of gen 

1  table  40      " 

+°-5 

Morrisville,  ser 

esNo. 

Pliiiadelphia,  Penn. 

65  of  genera 

table 

to  1847     . 

■     ■   57      " 

" 

+0.1 

Morrisville,  sericsNo, 

65  of  general  table, 

1S49  to  1870 

.     .    II      " 

^■5-i 

Germantown, 

series 

No.  40  of  gen 

1  table  15      " 

+2.2 

West  Chester, 

series 

No,  iigofgen 

liable  16      " 

" 

+3-0 

Charleston 

25  years. 

Charleston,  S.  C.     . 

Fort  Moultrie 

■     ■  33      " 

Constant  Rcductior 

—0°. 

St.  Johns    . 

-   15      " 

^-2.7 
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OF    Till 

A  T'  M  0  S  P  II  E  R  I  0    T  E  M  P  E  R  A  T  U  R  R  , 

f  Savannah   .     .     . 

25  years. 

Savannah,  Ga.     .     . 

J   Augusta  Arsenal  . 
1   Augusta      .     .     . 

6      ■' 

Constant  Reduction  +2''. 3 

+  2,7 

[  Oglethorpe  Barracks 

12      - 

—0.9 

Fort  Brooke,  1' la      . 

Fort  Brooke     .      . 
r  Cincinnati       .     . 

27  years. 

45  years. 

Cincinnati,  Ohio 

J    Marietta     .     .     . 
]   College  Hill  .     . 
[  Portsmouth      .     . 

46  " 

47  " 

Constant  Reduction 

+  2=.I 

+2-3 

Fort  Snelling,  Minn. 

(  Fort  Snelling  .     . 
1  St.  Paul      .     .     . 

42  years. 

Constant  Reduction 

+  '"■9 

Muscatine,  Iowa 

J  Muscatine  .     .      . 
1  Fort  Madison 

26  years. 

Constant  Reduction 

— 3°-4 

St,  Louis,  Mo.     .      . 

f  St.  Louis    .     .     , 
I  Jefferson  Barracks 

35  years. 
32      " 

Constant  Reduction 

— O".! 

Ft.  Leavenworth,  Kan 

f  Fort  Leavenworth 
1  Leavenworth  City 

40  years. 
S      " 

Constant  Reduction 

+1^6 

Fort  Gibson,  Indian 

C  Fort  Gibson    .     . 

29  j'ears. 

Territory     .     .     . 

-i    Fort  Toivson  .      . 
[  Fort  Washita  .     . 

16      " 

T5        " 

Constant  Reduction 

— r.9 

Fort  jesup,  La.   .     . 

Fort  Jesup       .     . 
'  Alcatraz  Island    . 

23  years. 
7  years. 

Angel  Island  .     . 

3      " 

Constant  Reduction 

— i°.o 

San  Francisco,  Cal. 

-    Fort  Point       .      . 

Presidio      .      .      . 

_  San  Francisco      . 

+0.9 
-I-1.9 

On  the  whole  the  constant  reduction  deduced  by  a  rigorous  method  and  applied 
to  each  separate  series  to  refer  to  the  central  station,  answered  well  enough,  yet 
there  were  indications,  when  the  several  series  were  thus  brought  side  by  side,  of 
deviations  from  constant  reduction  for  some  consecutive  years,  which  imperfections 
may  have  been  produced  by  a  change  of  thermometer,  a  change  in  the  location  of 
the  instrument,  or  a  change  of  observing  hours ;  in  the  latter  case,  it  would  indicate 
an  imperfect  correction  for  daily  variation. 
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DISCUSSION    OF    THE    SECULAR    VARIATION 


Brans 

vick, 

Sakm,  Mass.  ■ 

Monlreal,     ! 

New  Havexi, 

Toronto,  Can. 

New  York. 

Philadelphia, 

M 

Can. 

Con. 

N.  Y. 

vj 

^ 

C.  V. 

4th  or. 

CVI.    4tl»or., 

CVn.  4lhor. 

CI.       Slhor. 

CI.       4tlior, 

CIV.    4thot. 

CVII.  4llior. 

1 750 

.?. 

.!. 

.!. 

.?. 

175' 

1752 

'753 

1754 

1755 

1755 

'757 

1758 

53.'6 

'759 

52-7 

1760 

1761 

1762 

I76j 

1764 

1765 

1766 

.767 

53-3 

1768 

5'-5 

52.1 

1769 

Si.S 

5^.0 

1770 

52.0 

52.0 

1771 

5..8 

52.2 

I7J2 

S2-5 

52.9 

'773 

54.7 

53-5 

'774 

52,9 

53-7 

'775 

54-4 

53-6 

1776 

53-5 

53-2 

'777 

Si.o 

1778 

'779 

1780 

49-7 

1781 

50.3 

50-4 

49.9 

17S2 

49.1 

'7S3 

50.4 

48.4 

48*5 

17S4 

47-3 

48,1 

... 

'7S5 

47-7 

48.0 

1786 

47.7 

48- 5 

48.3 

■787 

47.0 

47.1 

48.5 

48.7 

1788 

47-0 

47-1 

49-7 

49.0 

1789 

46. 8 

47-3 

49-5 

49-3 

1790 

47.6 

47-8 

49-5 

49-3 

52.8 

1 791 

49.0 

48.4 

49-5 

49-3 

53-7 

53.0 

1792 

48.1 

49-1 

48.2 

49-3 

52.0 

52,9 

'793 

50.6 

49-8 

50- 3 

49-3 

54-4 

52-6 

'794 

50.9 

50.1 

50.2 

49-3 

50.6 

52.1 

1795 

49-7 

49.4 

49-1 

519 

51.9 

1796 

47.6 

4S-3 

48.4 

48.7 

52- 2 

52.0 

1797 

47-3 

47-S 

48.1 

48.6 

S'-7 

52.3 

1798 

4S.4 

48.0 

49-3 

48.8 

53-5 

52.6 

1795 

47.9 

48-3 

48.4 

49.2 

52-4 

52.7 

1800 

49.1 

48.9 

50,2 

49-8 

52.6 

52-9 

rSoi 

49.6 

49-4 

51.0 

50-3 

52-9 

53-2 

1802 

S0.0 

49-4 

5'-3 

SO.S 

54-6 

53-6 

rSo3 

49.2 

49-0 

50.8 

5^-5 

53-2 

53-4 

1804 

47-5 

48.6 

49.8 

50-4 

53-' 

52.9 

1805 

49-9 

48.4 

51-7 

50-3 

;" 

52.1 

52.3 

1806 

47-2 

48.0 

49-7 

50.1 

52.0 

5'-9 

43.7 

47.2 

47.7 

49.2 

49-9 

50.6 

5'.8 

43-4 

43-1 

48.2 

47.5 

50-3 

49-7 

'.'.'. 

53.1 

5'-9 

1809 
iSio 

1812 

i 

43.2 
43.2 
43- 0 

46.8 
48.3 
49.2 
44.7 

47-7 

47-8 
47-5 
45.9 

::: 

49-3 
50.0 
49-7 
46,9 

49.6 
49-4 

Xr 

S1.6 
51.9 

Hi 

52,0 
52.1 
52.1 
52,0 

1813 

43.4 

43.0 

j  47-4 

46.8 

490 

48. 3 

S'.8 

51.9 

1S14 

43-6 

43-0 

47-6 

47.0 

4S.0 

52' 

Si-9 

1815 

42.7 

42.7 

45.S 

46.8 

47-3 

47-5 

52.2 

5'-7 

iS!6 
1817 
1S18 
1819 

42.0 
41.8 
43.8 
45-' 

42.4 
42.7 
43-5 
44.1 

46.3 
46,2 
47-3 
:  49-4 

46.6 
46.8 
47-4 
4S.0 

::: 

46.6 
46-5 
46.8 
49.0 

47.1 

47-3 
47-7 

1  ::; 

SO- 5 

52-2 

52-3 

I  52-5 

51.6 
5'-8 
52-1 
52-3 
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OF   THE   ATMOSPnERIC    TEMPER  AT  UKE. 


Brim 

wick. 

Salem 

Mass. 

Moil 

real, 

New  Haven, 

Toronto,  Can. 

Now  York, 

Philadelphia, 

M 

e. 

C 

11- 

Con. 

N,  Y, 

Fa. 

1 

C.  V. 

4th  or. 

C.  VI. 

4lhor. 

CVII 

4lhor. 
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CI. 

4th  or. 
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C.VIl.  4th  or. 

iS-0 

4°S 

440 

47°.  5 

47-9 

= 

- 

47°  9 

480 

.!. 

53.3 

52.4 

1S21 

43  4 

43  7 

47-1 

47.  S 

476 

483 

5'-9 

53.7 

440 

43  5 

48.9 

4?- 7 

49  7 

486 

53-2 

54.3 

53-3 

1823 

4'  I 

43  5 

46.5 

47-7 

481 

490 

49.6 

50-9 

53.a 

53-8 

1834 

443 

44  3 

4S.3 

48.2 

49  9 

49  4 

511 

51-5 

53.S 

54.1 

460 

45-: 

49-6 

48.9 
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49  7 

53-4 

52-1 

55-3 

54-4 
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460 

45  4 
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49-1 

45  9 

497 

49  8 

53.5 

52.2 

54.8 
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l'>.^^ 

440 

4';  4 

48.1 

48.9 

4i5 

448 

4b  9 

49  9 
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52-0 

53.3 

54-5 

iS'8 

469 

45  S 

49-5 

48.7 

45  2 
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53.' 

56.8 

54-3 

1S.9 
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47-9 
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448 

4S  5 
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50.8 

52.1 
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1B30 
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48.3 

4S.2 
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53-9 
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48.6 

48.1 
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490 
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443 

47.4 

47-9 
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442 
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485 
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50.8 
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53-0 
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43  1 

437 

47.6 
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436 

4,0 

483 

482 

50.9 

50-5 

52.1 

52.0 

l!>34 

43  4 

47-? 

438 

429 

489 

47  7 

50.4 

52-9 

51. S 

183s 

439 

46.3 

46,2 

41  7 

41  7 

466 

470 

48.8 

48.8 

SI-2 

51.3 

1S36 

416 

422 

44-6 

45-6 

396 

408 

45  2 

466 

46.7 

48.1 

49-3 

50-7 

1B37 

41  I 

4>  I 

45-3 

45.7 

407 

40S 

464 

469 
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430 
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46.7 
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482 
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43  7 

47.6 

47.3 

436 
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485 
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53.9 

52.6 

rS40 

443 

47-9 

47-5 

433 

430 

490 

4j  t* 

50.5 

50.6 
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52-3 

1841 

45  I 

44  5 

47-2 

47.6 

43  2 

430 

49'; 

43  9 

433 

50.6 

Si.o 

52-3 

ib43 

445 

442 

47-9 

47-5 

437 

43  8 

49  9 
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400 

436 

51-9 
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53.5 

52-8 

1S43 
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46.8 
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435 
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1844 

43.4 

43.3 

47.7 

47.8 

42.2 

50-2 

49.4 

44.5 

44.1 

511 

53-4 

53-4 

1845 

43.7 

43-0 

48.7 

^■^ 

43-4 
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50-2 

49.6 

44.6 

44.8 

52-7 

51.S 

54-4 

53-9 

1846 

45.6 

44-4 

48.9 

48.6 

44-8 

43.6 

50.1 

49.6 

46.4 

45-0 

S'-S 

Si-8 

54-2 

54-1 

1 847 

44.5 

48.7 

48.6 

43.6 

43-6 

49-4 

49.4 

43-7 

44.S 

51.6 

51-S 

53-9 
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"SS3 
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53.S 

53-1 

1858 

43.  S 

43.5 
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Charleston, 

SiiYflimah,  Ga. 

Tort  liLOoke, 

Cindnnali, 

Fort  Snelling, 

Muscatine, 

St.  Louis,  Mo. 

S.  C. 

>la. 

Ohio. 

Mi»n. 

Iowa. 

1 

cm.    41hor. 

CIV.    4th  or. 

C.  I.       4H1  or. 

CIV.    4ilior. 

C.  II.     4lh  or. 

C  II.     41I1  or. 

C.  II.    4lhor. 

1730 

:.. 

.!, 

.!, 

.°. 

.:. 

.?. 

.?. 

.1 

.!. 

1731 

... 

1732 

... 

'733 

1734 

173s 

173S 

1737 

1738 

ee'.'o 

'739 

64.  s 

64.9 

1740 

63-9 

'74' 

::: 

1742 

64,7 

--- 

1743 

'745 

'74(5 

'747 

1748 

1749 

1750 

64.6 

'75' 

66.3 

66,0 

'752 

66.9 

66.5 

1753 

66.4 

66.5 

'754 

67.4 

66.0 

1755 

63.2 

65.5 

'75^ 

65.6 

65.3 

'757 

65-3 

65.. 

'758 

63.9 

64. 5 

1759 

64.7 

1760 

1761 

::: 

:;: 

176Z 

::: 

1763 

1764 

... 

1765 

... 

... 

i;66 

1767 

::: 

176S 

1769 

1770 

'77' 

... 

... 

... 

"1773 

::: 

1775 

!!! 

i-llG 

1777 

.77S 

!r. 

1779 

■7ao 

1781 

... 

1782 

!!! 

'783 

1784 

1785 

1786 

17S9 

1790 

1791 

1792 

... 

'793 

'794 

1795 

i79<i 

... 

1797 

1798 

1799 

... 

Hosted  by 


Google 


OP  THE  ATMOSPHEKIO  TEMPERATURE. 


UiailesCon 

Savannah,  &a 

tmthrooU 

Cincinnati, 

Fort  Snellmg 

■     Mus  atine. 

Si.  Lo 

uis.  Mo 

S   C 

ria 

Ohio. 

Mmn. 

:          lo 

va. 

^ 

C  III     4fhor 

C   IV     4th  or 

C   r       4lhor 

C  IV     41hor 

C.  II.    4t]iOf 

C.  II. 

4flior 

C,  II. 

4th  or. 

lS02 

° 

::: 

I 

iSos 

S4  I 

1807 

54  4 

54- S 

iSoS 

S<-  4 

55.1 

1S09 
i3ii 

S4  4 
5-8 
SO  6 
526 

64.7 
54-4 
54.3 
53-8 

... 

i8n 

5-7 

53-5 

1S14 

54  3 

S3- 7 

1015 

540 

53-7 

1S16 
.Si  7 

5j  1 
527 

53-4 
S3-5 

il>i8 

54  I 

54-2 

1819 
1820 

046 

fj 

lit 

43.0 

... 

1S21 

53  5 

54-5 

42.9 

43-2 

■  323 

55  3 

54.5 

43-7 

43-3 

1323 

642 

540 

54.6 

43-4 

43-5 

1S24 

604 

"■;  9 

55° 

54-9 

42.8 

44.2 

1S2S 

65  7 

5o8 

720 

55  4 

55-2 

47-1 

45.0 

1826 

579 

675 

694 

729 

729 

55  7 

55.6 

44-4 

45.3 

669 

|9 

687 

69. 

738 

73  ' 

558 

55-S 

45-7 

45-5 

58.8 

706 

697 

677 

73  5 

729 

570 

55-7 

46.0 

45-7 

58.7 

57.8 

iSzg 

654 

679 

6!S 

665 

724 

5J8 

55-0 

45.3 

45.8 

56.6 

1S30 

697 

673 

679 

658 

7^6 

7r  9 

55  7 

54.1 

47-9 

45.6 

55.3 

1831 

653 

66  s 

64. 

658 

710 

514 

53-6 

42-4 

45.1 

50.5 

S4-4 

1812 

637 

6:;  3 

600 

663 

54  4 

53-9 

45-4 

45-3 

55.6 

54.8 

'S33 

65  s 

6;  6 

07  8 

05  0 

54  9 

54-4 

47-5 

46.1 

56.9 

55-5 

mi 

6^>a 

6^5 

080 

65  b 

552 

53-9 

46,7 

45.5 

55-7 

55.0 

1335 

637 

645 

654 

51  7 

52.8 

43-0 

44.1 

52.8 

53-9 

1836 

644 

5'  7 

52.2 

42.5 

43.' 

53-2 

53-4 

''^37 

635 

639 

530 

53-4 

43-6 

43-0 

54-1 

53-5 

1818 

633 

639 

701 

5-  I 

5=-9 

43-5 

52.7 

53-7 

1819 

647 

644 

7.5 

709 

54  6 

53-6 

46;8 

44.4 

SI. 3 

54.6 

54.1 

i<i40 

660 

649 

649 

705 

709 

541 

54-0 

44.4 

44-6 

49.1 

49-0 

54-4 

54.5 

1841 

656 

655 

653 

65  2 

71  2 

709 

541 

54-D 

43-9 

44.0 

46.5 

47-5 

54.9 

54-9 

184a 

64.7 

65.4 

65.5 

65.5 

7..2 

70.8 

54.3 

53-6 

42.8 

42.7 

47-3 

45-3 

56.2 

54.9 

1S43 

65.7 

65,6 

66.0 

65.7 

70.3 

70.7 

51-7 

53-5 

39-9 

42.0 

43-7 

45.0 

52-9 

54.S 

1844 

66.1 

65.0 

66.1 

65.7 

70.4 

70.7 

54.9 

53-9 

42.7 

43-1 

47-7 

46.5 

55-8 

5S-3 

'845 

66.2 

65.2 

65-3 

55.5 

70.6 

70.9 

54. 1 

54.5 

45-8 

44-9 

47-3 

56.7 

56.0 

1 846 

66.9 

66,3 

65.2 

65-5 

71.6 

7'-3 

55.8 

54.6 

48-3 

45-3 

48.6 

45.6 

56-7 

55-8 

1847- 

65.8 

ti-^ 

tn 

P.-^ 

71-7 

72.0 

53.5 

54-4 

41-9 

43-9 

43-2 

45-5 

53.8 

54.9 

1S48 

66.6 

66,4 

66.6 

65.1 

72.8 

72.8 

54-4 

54-2 

42.6 

42.8 

45-5 

45-2 

54-4 

54.5 

1S49 

66.4 

65.6 

65,3 

66.4 

74-4 

73-4 

53.8 

54-2 

42.3 

43-0 

45-S 

45-8 

54-1 

54-6 

1850 

67.2 

66.6 

67.0 

66,4 

73-5 

73' I 

54.2 

54-2 

43-7 

44-0 

47.0 

46.6 

55-2 

55.0 

185, 

66.3 

66.5 

65-S 

66.1 

71-3 

72.4 

54.6 

54.3 

46-7 

44.6 

47-5 

47-1 

55-5 

55-2 

1S52 

66.4 

66.4 

66.1 

65. 9 

72.0 

73.1 

54.3 

54-6 

43.8 

44-2 

46.7 

47- S 

55-1 

55-5 

'853 

66.3 

56.2 

65.4 

65,9 

73'0 

72.1 

54-4 

5S-0 

42-3 

43-6 

47.8 

48.2 

55.7 

56.0 

^854 

66.1 

65.9 

65.4 

65.8 

71-5 

7'-7 

56.8 

55- 2 

44-8 

43-5 

50- S 

48.3 

57-9 

56.0 

1855 

65-4 

65.1 

65-8 

65.4 

70.9 

71.2 

55.0 

54- S 

43-2 

43-2 

47-2 

47- r 

54-8 

55-0 

1S56 

63-7 

64.4 

64.4 

64.9 

70.7 

70.7 

52-3 

53-8 

42,4 

42.3 

45-2 

45.6 

52.4 

53-8 

1857 

63.6 

64.4 

63-9 

65.0 

70.5 

53.1 

54.0 

41. 1 

44.1 

45-3 

53-3 

54.0 

rSsS 

65.8 

65.0 

66.3 

66.0 

S6.3 

54-9 

47-1 

46.0 

56. 1 

54-9 

1859 

65.6 

6S.S 

67-5 

55-4 

55-4 

46.4 

47.0 

55.1 

55-6 

i860 

65-4 

65.6 

55-3 

55-4 

48.0 

47-4 

56-3 

55.9 

1861 

65-9 

55-3 

S5-3 

48.3 

47-5 

56-5 

55.9 

1862 

55.6 

55-2 

46.6 

47-1 

55-6 

55-5 

1863 

55- 1 

55-0   1 

46.9 

46.9 

54-4 

55-1 

.854 

54-1 

55-0 

44-7 

44.6 

46.7 

46.9 

S4.8 

55-2 

1S6S 

56.1 

55-0 

45- 1 

44-. 

47-8 

46,8 

56.4 

55-5 

1866 

54-1 

54-8 

42-3 

43- S 

45-9 

46- 5 

55-2 

55-4 

1S67 

65.0 

55.4 

54.5 

43-2 

43.2 

46.2 

46.2 

55.3 

55-0 

.868 

64.8 

65.0 

53- z 

54-2 

43-7 

43-5 

46.0 

46.2 

54.3 

54-7 

18&9 

65-3 

54.' 

54-2 

43-r 

44,2 

45.5 

46.4 

54-1 

54.6 

.870 

...     Ii 

65.4 

55.6 

47-2 

48.7    S 

55.9 

Hosted  by 


Google 


DISCUSSION    OF    THE    SECULAR    VAIIIATIOK 


Fort  i.eaven 

ivorlh,  Kan. 

I'oi-t  Gibson 

Indian  Tcr. 

fort  Je 

ip,  La. 

S.n  Franc 

SCO,  Cal. 

■l 

C,  11. 

4th  or. 

C.  III. 

4lh  or. 

C.  I. 

41h  or. 

C.  V. 

4ih  or. 

i8,o 

- 

- 

1831 

1S22 

:;: 

.823 

67.3 

i8j4 

69.3 

68,4 

;K^ 

;;; 

68^9 

68.5 
68.6 

1827 

69.1 

68,4 

I82S 

63.0 

58,1 

67,5 

1829 

60.9 

62.3 

65.1 

6L 

1830 

s^.'s 

&4.f) 

61. ti 

66.4 

65., 

I83I 

49.8 

524 

ST-1 

60.7 

63,6 

O4.S 

1832 

53-4 

S3-' 

61.3 

60.5 

66.0 

65.5 

1833 

S5-5 

53.6 

61.1 

60.7 

67.1 

66.4 

IS34 

52,4 

52,8 

61.5 

67,5 

66  i 

1835 

5r-7 

51-5 

58.. 

59-6 

64.0 

65,0 

1836 

48.7 

51.0 

59-0 

59-5 

<^3-7 

64.4 

1837 

52'9 

5'.4 

60.S 

59.7 

65.  t 

64.6 

1838 

52.0 

58. 1 

60.0 

64.2 

65,4 

1839 

53-6 

53.2 

61.9 

60.3 

67.3 

66.4 

1840 

514 

52.0 

60,5 

60,4 

67.8 

IS4I 

5'-2 

51.6 

59-1 

60.3 

65.1 

66.1 

1842 

52.8 

51-4 

61.6 

60.3 

66.4 

65.7 

1843 

49.0 

5'.4 

59.3 

60.5 

64-3 

65,5 

1844 

5^-7 

5^-3 

61.5 

60.8 

66.3 

65-7 

1845 

54.8 

53.6 

6.  ,4 

61. 1 

65.7 

... 

1846 

55-3 

53.3 

61.5 

60.7 

1847 

49-8 

S^'i 

59.1 

60.0 

IS48 

5'-7 

51.7 

S9-S 

59.6 

1849 

52.2 

5'-9 

59.5 

59-9 

1850 

52.0 

52.2 

60.4 

60. 3 

IS5I 

53-2 

52.3 

61.4 

fc.3 

58.'5 

1S52 

5i'5 

53.0 

S9.0 

60  I 

57.8 

i8S3 

53- 1 

53-9 

60.1 

60.3 

57.2 

57.7 

1854 

55-9 

54. 1 

61.8 

60.6 

56-3 

573 

1855 

54.3 

53-4 

60.4 

60.1 

57.8 

56.8 

1856 

50.0 

S=-4 

5S-4 

56-3 

56.6 

1857 

52.2 

2,6 

58.7 

se.s 

56-3 

.S58 

55.3 

53-6 

55-7 

55-7 

l8S9 

52.9 

54-3 

54.9 

55-4 

1S60 

56.0 

54-4 

55-4 

55.3 

1861 

54.0 

54.0 

55-5 

55-2 

1863 

52-7 

53.1 

54.7 

SS-2 

1863 

52.9 

52-7 

55.2 

55.3 

1864 

52.0 

52.6 

56.3 

55-4 

.865 

S3-S 

52.5 

54.8 

55-5 

1866 

52.0 

52-3 

55-4 

55.6 

1867 

51.8 

52.0 

56.3 

55-9 

1858 

53,1 

53.0 

55-3 

56-3 

1869 

58.0 

57-2 

i8;o 

sii 

57.6 

The  character  of  the  secular  variation  in  the  mean  annual  temperature,  as 
exhibited  on  the  accompanying  plate,  is  that  of  a  series  of  irregular  waves  repre- 
senting a  succession  of  warmer  and  colder  periods,  during  which,  however,  the 
mean  temperature  deviates  only  about  one  or  two  degrees,  in  excess  or  defect,  from 
its  normal  value.  Irrespective  of  the  minor  irregularities,  which  have  to  some 
extent  been  eliminated,  some  of  the  single  progressions  appear  quite  systematic ; 
thus,  for  instance,  at  New  Haven,  the  temperature  steadily  declined  from  1802  to 
1817,  it  then  increased  till  1837,  after  which  it  again  decreased,  reaching  a  decided 
minimum  in  1836.  These  imdulations,  when  compared  for  a  number  of  stations 
exposed  to  similar  clim  a  to  logical  conditions,  approach  to  parallelism  over  large 
tracts  of  country,  and  exhibit  considerable  uniformity  in  their  general  character  ; 
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thus  from  Jlaiiic  to  Georgia  these  waves  are  of  a  broad  and  well-defined  shape,  as 
at  New  Haven,  but  they  become  somewhat  changed  in  their  appearance  over  the 
vast  area  Avatered  by  the  Mississippi  and  its  tributaries;  here  the  undulations 
become  more  narrow  and  numerous,  as  at  Fort  Snelliiig.  The  change  from  one 
form  into  the  other  is  very  gradual,  and  with  an  increase  of  the  geographical 
distances  some  of  the  old  features  become  obliterated  and  new  ones  make  their 
appearance.  The  curve  for  Cincinnati,  for  instance,  partakes  of  an  intermediate 
character  between  the  eastern  or  Atlantic  type  and  that  of  the  Mississippi  basin. 
On  our  western  coast,  as  might  have  been  expected,  a  new  feature  is  developed, 
subject  perhaps  to  less  irregularities  than  in  any  other  part  of  the  country,  and  for 
this  reason  well  suited  for  the  study  of  the  proximate  causes  which  determine  its 
laws.     The  curve  for  San  Francisco  is  presented  as  a  type  for  the  Pacific  coast. 

The  remarkably  cold  epoch  about  1837  with  cold  years  preceding  and  following 
is  common  to  all  stations  represented  between  the  Atlantic  coast  and  the  eastern 
flank  of  the  Rocky  Mountains,  and  the  exceptionally  warm  period  about  1827 
perhaps  extended  likewise  over  a  very  large  area. 

There  is  nothing  in  these  curves  to  countenance  the  idea  of  any  permanent 
change  in  the  climate  having  taken  place,  or  being  about  to  take  place ;  in  the  last 
90  years  of  therraometric  records,  the  mean  temperatures  showing  no  indication 
whatever  of  a  sustained  rise  on  fall.  The  same  conclusion  was  reached  in  the  dis- 
cussion of  the  secular  change  in  the  Rain-Fall,  which  appears  also  to  have  remained 
permanent  in  amount  as  well  as  in  annual  distribution. 

The  degree  of  parallelism  of  the  cur-ves  is  sufficiently  close  to  warrant  an  addi- 
tional consolidation  of  results  for  a  few  characteristic  stations,  for  further  study;' 
one  typical  curve  will  be  given  for  the  Atlantic  coast  and  another  for  the  Missis- 
sippi valley. 

The  first  is  composed  of  the  long  series  of  mean  annual  temperatures  at  Bruns- 
wick, Me.,  Salem,  Mass.,  New  Haven,  Conn.,  and  Philadelphia,  Penn.,  to  represent 
dui-ing  91  years  the  type  of  the  secular  change  for  those  eastern  States  which  are 
situated  between  the  Atlantic  and  the  Alleghany  Mountains.  These  four  series 
are  unbroken  between  1807  and  1865,  and  for  these  59  years  the  individual  means 
are  set  down,  as  in  the  table  below;  to  reduce  those  values  which  lie  outside  of  these 
limits  to  uniformity,  the  59  difi'erences  for  each  series  from  the  mean  series  were 
formed,  and  the  respective  mean  difference  applied  as  reductions ;  they  are,  for 
Brunswick  +4°.5,  for  Salem  -f  0°.6,  for  New  Haven  — 0°.4,  and  for  Philadelphia 
— 4°.7.  After  this  the  means  were  taken  for  each  of  these  years,  except  for  the 
years  1780,  1783,  1784,  and  1785,  which  are  covered  by  one  series  only. 
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Table  of  consolidated  v 


:al  temperatures  at  Brunswick,  Salem,  Jfew  Haven,  < 
Philadelphia. 
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1,48.52. 

From  the  preceding  table  we  form  the  successive  means  of  the  4th  order, 
follows: — 
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Also  the  following  table  of  differences  from  the  mean  48°. 5,  a  -|-  sign  indicating 
I  warmer,  a  —  sign  a  colder  year  than  the  normal  one. 
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The  use  of  this  table  for  obtaining  the  normal  annual  temperature  from  a  single  year  or  from  a 
few  years  of  observation  is  obyious  ;  ws  have  only  to  apply  the  tabular  quantity  with  its  sign  reversed 
as  a  correction  to  the  moan  (observed)  temperature  of  each  year 
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The  second  type-curve  is  made  up  from  tlie  stations:  Fort  Snelling,  Minn., 
Muscatine,  Iowa,  St.  Louis,  Mo.,  Fort  Leavenworth,  Kan.,  and  Fort  Gibson,  Indian 
Ter.  These  series  have  19  years  in  common  (1839  to  1857  inclusive),  for  eacli  of 
which  the  means  from  the  five  values  were  set  down,  the  observed  annual  tempera- 
tures for  years  before  and  after  were  first  referred  to  the  same  mean  series  by  the 
reductions  -|-'J°.9,  +4°. 7,  — 3°.2,  — 0°.8,  and  — 8°.6  to  the  stations  respectively 
(these  numbers  were  deduced  fron;  comparisons  of  each  series  with  every  other). 
We  have  the  following  tables: — 


Tahie  of  c 


1  amiual  temperatures  at  Fort  Snelling,  Muscalin 
Leavenworth^  and  Fort  Gibson. 
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General  mea 

'.5-95. 

From  the  above  table  we  derive  the  following  successive  means  of  the  4tli  order :  - 


'      \      3 

4 

5 

6 

7 

0 

9 

1820 

(Si-i) 

5i'3 

.1.4 

S2.0 

S3-0 

53.6 

53-9 

53-9 

53-6 

,830 

52.9 

52.3 

52-9 

53.3 

51-^ 

50-5 

50-7 

514 

53-1 

1840 

52. 1 

51. 6 

Si-i 

51.0 

51-8 

S2.C 

52-4 

51-3 

50.8 

51-0 

1850 

,,.6 

SI. 9 

52,1 

^^■5 

5  3-5 

51.8 

5^-7 

50.8 

51-8 

53-5 

rS6o 

,2.8 

52'7 

52.2 

519 

5i'9 

Si-9 

5i'5 

513 

5'-3 

(51-6) 

1870 

Table  of  differences  from  the 
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[This  table  can  be  used  to  obtain  normal  temperatures  at  places  in  the  Mississippi  valley,  a 
explainecl  above.] 

40    June,  1S75, 
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These  diiFerences  from  the  normal  values  have  been  thrown  into  curves,  and  are 
given,  together  with  the  exhibit  of  the  relative  frequency  and  amount  of  solar  spots, 
in  the  bottom  line  of  the  accompanying  plate ;  the  Atlantic  type-curve  is  shown 
heavy,  the  Mississippi  type-curve  dotted,  and  the  sun-spot  curve  by  a  zigzag  line, 
according  to  Prof.  R.  Wolf's  numbers.^ 

The  distinguishing  features,  as  described  above,  of  these  two  type-curves  appear 
well  marked,  the  longer  waves  of  the  Atlantic  stations  show ; 
Principal  maxima  in  1802  1826  1846  1865 

and  principal  minima  in  1785  1816  1836  1857 

the  average  interval  being  about  22  years ;  the  shorter  waves  of  the  interior  states 
show : — 

Principal  maxima  in       1827  1833  1839  1845         1854         18G0 

and  principal  minima  in  1831  1836  1843  1848         1856  1867 

the  average  interval  being  about  7  years.  These  undulations,  however,  are  not 
sufficiently  regular  nor  sufficiently  distinct,  being  mixed  with  subordinate  fluctua- 
tions, to  serve  as  a  basis  of  prediction;  all  that  can  be  claimed  for  them  is  a  general 
exponent  of  the  character  of  the  secular  change. 


Comparison  of  the  secular  variation  of  the  temperature  unth  t?ie  variations  in  the 
frequency  of  the  solar  spots. — It  is  evident,  from  the  preceding  statements  respecting 
the  average  duration  of  successions  of  warmer  and  colder  years,  that  no  intimate 
relation  appears  to  exist  between  the  two  phenomena — they  seem  to  have  no  feature 
in  common,  the  sun-spot  period  of  about  11  years  is  not  systematically  followed  by 
any  of  the  temperature  waves ;  the  chief  characteristic  of  connection,  that  of  equality 
of  average  periods,  being  wanting,  we  necessarily  have  coincidence,  viz.,  greater 
development  of  sun-spots  corresponding  to  greater  cold,  as  for  the  years  between 
1810  and  1822,  as  well  as  opposition,  viz.,  a  greater  development  of  sun-spots 
during  a  time  of  increased  heat,  as  for  the  years  1799  to  1806,  and  in  general  we 
have  phases  of  the  two  curves  presented  in  all  possible  combinations.  If  we  con- 
sider the  small  difference  in  the  radiating  energy  of  the  surface  of  a  spot  and  of  the 
unbroken  surface  of  the  sun,  as  well  as  the  comparatively  small  collective  area  of 


'  Prof.    Wolf's    relative    numbers   of  sun-spots;    from    Astronomische    Naehrichten,    '. 
(March,  1874)  and  No.  2014  (Nov.  1874),  tLose  prior  to  ITSS  from  his  "  Mittheihingeu," 
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the  spotted  surface  as  contrasted  with  the  whole  sun,  the  failure  in  the  detection 
of  any  close  relationship  between  the  annual  changes  of  spots  and  of  terrestrial 
temperature  (as  examined  by  the  comparatively  crude  process  of  annual  means) 
should  not  be  surprising,  unless  there  should  be  connected  with  these  solar  disturb- 
ances some  other  less  direct  cause  producing  changes  of  radiation.  StQl  it  is  very 
desirable  to  follow  up  the  subject  by  further  comparisons  of  the  American  results 
with  those  obtained  on  the  Eastern  Continent,  and  especially  with  results  from 
stations  in  the  Southern  Hemisphere.^ 

Comparison  of  ths  secular  vanation  in  the  temperattire  and  the  rain-fall,  in  the 
United  States. — The  data  for  the  annual  rain-fall  ai-e  taken  from  p.  154  of  my 
memoir  on  the  Rain-Fall  (Smithsonian  Contributions  to  Knowledge,  No.  332  ; 
Washington,  May,  1873),  from  which  groups  I  and  IV  have  been  selected  as 
representative  stations  of  the  same  climatological  conditions  to  which  the  tempera- 
ture types  I  and  II  refer.  The  fourth  order  of  successive  means  are  tabulated 
below;  these  proportional  numbers  have  already  been  charted  on  p.  157  of  the  Kain- 
Fall  Memoir.  The  average  annual  amount  of  rain  deduced  from  the  whole  series 
is  put  equal  to  100. 

Secular  variation  in  the  Eaiv-Fall,  sea-coast,  Maine  to  Virginia. 
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Secutar  change  in  the  Hain-Fall,  Ohio  Valley,  Ohio,  Indiana,  Illinois,  Kentucky,  and  part  of 
Missouri. 
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'  To  mention  but  one  case  of  evidonce,  supposed  to  be  in  fovor  of  a  correspondence  of  the  sun- 
spot  and  temperature  periods,  the  reader  may  consult :  The  London,  Ediaburgh,  and  Dublin  Phil. 
Mag.,  vol.  slii,  July  to  Dec.  18T1.  "On  the  approximate  decennial  variation  of  the  temperature 
at  the  Observatory  at  the  Cape  of  Good  Hope,  between  the  years  18il  and  ISTO,  viewed  in  connec- 
tion with  the  variation  of  the  solar-spots."  By  E.  J.  Stone,  F.E.S,  Astron.  Roy.  at  the  Cape  of 
Good  Hope.  Here  it  is  believed  that  the  same  cause  which  leads  to  an  excess  of  mean  annual 
temperature  leads  equally  to  a  dissipation  of  the  solar  spots. 
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DISCUSSION   OF   THE   SECULAR   VAEIATION 


Ou  the  annexed  diagram,  the  upper  pair  of  curves  refer  to  stations  on  the  Atlantic 
coast,  the  lower  pair  to  stations  in  the  Mississippi  valley;  the  heavy  lines  represent 
the  secular  change  in  the  temperature,  the  light  ones  that  of  the  rain-fall.  Though 
the  connection  between  the  changes  of  temperature  and  rain-fall  is  not,  in  detail, 
any  way  conclusive,  yet  in  general  following  out  the  larger  waves,  there  seems  to 
be  some  ground  for  concluding  that  years  with  a  mean  temperature  above  the 
normal  have  a  rain-fall  above  the  normal  or  average  amount,  and  years  deficient  in 
the  mean  temperature  present  also  a  deficiency  in  the  rain-fall. 

That  tliis  apparent  law  is  not  expressive  in  the  minor  undulations  may  be 
explained  by  the  small  number  of  stations  contributing  information  to  both 
temperature  and  rain-fall,  and  thus  admitting  the  presence  to  some  extent  of  local 
peculiarities;  yet  it  cannot  be  overlooked  that  there  is  some  similarity  iu  the  general 
character  of  the  two  phenomena;  further  comparisons,  however,  arc  desirable. 
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In  explanation  it  may  be  remarked,  that  the  greater  the  heat  of  the  air,  the 
greater  the  amount  of  vapor  it  can  hold,  hence  the  greater  the  capacity  for  pre- 
cipitation as  well  as  for  evaporation. 

Comparison  of  the  seoular  vaHation  in  the  temperature  with  tlw  average  annual 
direction  of  the  toind. — The  following  numbers  have  been  extracted  from  p.  42  of 
my  discussion  of  the  Meteorological  Observations'  at  Brunswick,  Maine,  made  by 
Prof.  P.  Cleaveland;  they  give  the  deflections  in  degrees,  -\-  to  the  north  (increasing 
azimuth),  —  to  the  south  (decreasing  azimuth),  from  the  mean  assumed  direction 
of  the  wind  x  =  101°,  counted  like  azimuths  from  the  south  around  by  west  to  360°, 
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'  Smithsonian  Contributions  to  Knowlodgy,  No.  304  ;  Washington,  June,  ISCt. 
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The  table  below  contains  the  deflectiona  from  the  normal  direction  of  the  wind 
X  =  68°  at  Marietta,  Ohio,  taken  from  p.  36  of  my  discussion  of  the  Meteorological 
Observations'  at  Marietta,  made  by  Dr.  S.  P.  Hildreth. 
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f  The  temperature  at  Marietta  closely  follows  this  type. 

To  interpret  the  above  diagrams  correctly,  the  true  relation  between  the  secular 
change,  as  shown  by  a  succession  of  annual  means,  of  the  direction  of  the  wind  and 
of  the  temperature,  will  appear  with  sufficient  distinctness  by  considering  the  zero 
line  or  axis  of  abscissse,  not  as  a  straight  line  but  as  a  curve,  drawn  midway 
between  the  two  curves;  in  other  words,  either  the  normal  direction  of  the  wind  is 
imperfectly  made  out  (through  insufficiency  or  imperfection  of  observations),  or  the 
relation  of  the  mean  direction  of  the  wind  to  the  mean  temperature  of  the  air  is 
not  constant ;  I  incline  to  the  former  alternative.  So  far  as  our  evidence  goes, 
for  years  of  northerly  (-]-)  deflections  of  the  winds,  the  temperature  appears  to  be 
lower,  and  for  southerly  deflections  higher  than  the  normal  value.  This  subject 
also  demands  further  investigation. 

Enough  has  been  shown  to  malte  it  evident  that  for  final  explanation  the  secular 
variations  in  the  temperature,  in  the  rain-fall,  and  in  the  direction  of  the  wind  must 
be  studied  together,  and  it  will  probably  be  found  that  the  former  depend  directly 
on  the  latter,  though,  ultimately,  the  deflections  in  the  resulting  direction  of  the 
wind  must  be  referred  to  effects  of  solar  radiation;  the  discussion  must  talte  a 
wider  range  so  as  to  include  long  series  of  records  at  stations  representing  all  parts 
of  the  globe. 
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Mange  of  variability  in  the  secular  variation  of  the  annual  temperature. — If  we 
consider  the  deviations  of  the  annual  means  from  the  normal  temperature  of  the 
place  as  fortuitous,  we  may  employ  a  simple  formula  for  the  mean  deviation  as  a 
measure  of  the  amount  of  variability,  and  deduce  also  a  value  for  the  probahle 
uncertainty  to  which  the  normal  temperature,  or  the  mean  of  the  whole  series,  may 
be  liable. 

Let  e  =  the  mean  deviation  of  any  yearly  value, 

A  =  the  difference  of  any  annual  mean  from  the  normal  temperature, 
2A  ^=  their  sum,  iiTespectivo  of  sign, 
n  =  number  of  yearly  values, 
then,  with  sufhcient  precision  for  our  comparison, 

£^±1.253?^, 
n 

which  expression  supposes  the  positive  and  negative  A's  to  balance.     The  probable 
uncertainty  attaching  to  the  mean  of  the  series  is  given  by 

2A 
n  ^  =1=  0.845 -r-. 

Applying  these  expressions  to  a  few  of  our  larger  and  systematic  series,  we 
deduce  the  following  results: — 


SiaEions. 

Normal 

T 

« 

■ 

'. 

Lowest  and        ] 
Highest -value,  fro 

ifference 
n  normal. 

K..e. 

Bninswicl!,  Me."" 

Salera,  M;iss 

43 
48 

9 

49 

1. 48 

■  15 

40.3 

47.7 
44.  s 

5=.3 

-3 

6 

8 
6 

7°-4 
5-8 

New  Bedford,  Mass.     .     . 

48 

' 

58 

I-I5 

.10 

44.9 
50.9 

-3 

3 

7 

6.0 

New  Haven,  Conn.       .     . 

49 

° 

85 

I.2S 

.05 

45.2 
Si.S 

—3 

+2 

S 

6.6 

Marietta,  Ohio    .... 
Fort  Snelling,  Minn.     .     . 

5^ 
44 

4 

46 

42 

1.24 
2.07 

.21 

49. 7 
5S-4 
41.3 
48.3 

+3 
+4 

7 
8 

5-7 
7.0 

Fort  Leavenworth,  Kan.    . 

5^ 

7 

40 

I.S3 

.20 

48.7 
S(5.6 

—4 

+3 

9 

7-9 

Fort  Brooke,  Fla.     .     .     . 

7> 

7 

37 

I. 21 

,16 

74.4         1 

+^ 

7 

4.3 

1  The 

nnu.lm. 

in;  ror  I 

37-S-g-40  are  omitted,  as  defective. 

The  weighted  average  value  of  the  mean  annual  direction  e  is  i  1°.44,  hence 
means  derived  from  series  of  25,  50,  and  100  years  are  uncertain  by  a  probable 

0.6745  E  ,  , 

amount  of  r<,  = y= —  =  ±0°.19,  zb0°.l4,  and  iO'^.lO  respectively.     To  these 

values  any  errors  that  may  exist  in  the  graduation  of  the  instruments  would  have 
to  be  added. 
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Seouiar  variation  in  the  annual  maxima  and  minima,  compared  with  the  varia- 
tion in  the  annual  means. — In  conclusion  of  this  section  of  the  paper,  it  is  still 
desirable  to  inquire  into  the  changes  of  the  maxima  and  minima,  and  to  ascertain 
how  far  these  partalsie  of  the  character  of  the  secular  change  of  the  mean  annual 
temperature.  For  this  purpose  it  will  suffice  to  examine  the  two  typical  series  at 
New  Haven  and  Marietta,  Since  the  minima  fall  generally  in  January  and  Feb- 
ruary, and  the  maxima  in  July  and  August,  the  respective  mean  temperatures  of 
these  months  were  formed  and  compared  with  the  corresponding  annual  means. 
To  eliminate  irregularities,  the  fourth  order  means  were  employed  and  tabulated ; 
comparing  each  value  with  the  mean  from  the  whole  series,  the  differences 
were  formed,  a  -\-  sign  indicating  higher  temperature,  a  —  sign  lower  temperature 
than  the  mean — they  are  as  follows  : — 

New  Haven  series. 


Differejiees  from 

DiEfercnces  from 

^(J.&F.) 

i(J.&A.) 

'\hord?r^ 

Mean. 

i(J-&F.) 

i(J.&A.) 
4th  order. 

A(J-toD.) 

Mean. 

July 

and 

July 
and 

4th  order. 

4th  order. 

and 

Year 

4tli  order. 

Jan. 
and 

Year 

Feb. 

Aug. 

Feb. 

Aug. 

--O.g 

1780 

C29°6) 

74.3 

(49-9) 

+2% 

+3°6 

+1% 

1825 

29°  5 

7K2 

49°9 

,  j". 

+0.5 

I78I 

29.5 

73.3 

49-7 

+2.3 

6 

+0.7 

1S26 

71.0 

49-9 

+0.3 

1782 

28. 1 

49.2 

+0.9 

3 

+0.3 

1827 

29,1 

70.7 

49.9 

-1.9 

'783 

26.0 

7'-3 

48.  s 

6 

—0.5 

1S28 

29.1 

71.0 

50.0 

-1.9 

1784 

24-5 

71. 1 

48.0 

4 

-0.9 

1829 

27-S 

71.4 

49-9 

-0.3 

--0.7 

--0.9 

'?!5 

24.7 

70.7 

47-9 

—2.5 

1830 

25' 5 

71.7 

49.6 

—1-7 

+0.7 

17S6 

26.0 

70.3 

48. 2 

4 

-0.7 

183 1 

25-3 

71.6 

49.0 

—1.9 

+0.9 

'As 

26.5 

70,6 

48,8 

1S32 

26.5 

4S.5 

—0.7 

— o.< 

26.5 

71.7 

49-2 

+^■3 

1S33 

27.7 

69.9 

48.2 

+0. 

1789 

27.1 

72,2 

49.4 

5 

+0.4 

1B34 

273 

698 

47-8 

+0.. 

1790 

278 

71.7 

49-4 

+0.6 

+0.5 

183s 

69.8 

46.8 

—0.9 

1791 

27.1 

70,9 

49.3 

+0.2 

1836 

23.5 

68.8 

46-3 

—3-7 

-i.9 

— 2.f 

1792 

26.5 

70.7 

49.2 

—0.7 

+0-3 

'837 

24-5 

68.8 

46.7 

—2.7 

—1.9 

1793 

273 

70.9 

49-5 

+  O.I 

+0.5 

1838 

36.5 

69.3 

47-8 

—1.4 

1794 

27.S 

71.0 

+0,6 

3 

+0.7 

1S39 

27.3 

69.6 

48.7 

1795 

27. 5 

49,1 

+0.3 

+0.1 

1840 

27.8 

69.8 

49.1 

-0.6 

+0.2 

1796 

27-3 

71.6 

48.6 

+0., 

9 

-0-3 

1841 

6^.8 

49-3 

+  1.9 

-0.9 

+0.3 

1797 

7=-5 

48.5 

8 

— o-l 

1842 

29:6 

69-3 

491 

+0.2 

1798 

26.5 

730 

48,7 

3 

1843 

68.8 

49,0 

--0.9 

—1.9 

1799 

26.4 

72.9 

49.  z 

+o!2 

1844 

27.1 

69-3 

49.4 

lS03 

27' 3 

7^-5 

49.9 

8 

+  1.0 

184s 

27.4 

70-3 

49.9 

--0.; 

iSoi 

28.9 

72.5 

50.6 

-1.7 

+  1.6 

,846 

27.7 

71.2 

49.9 

--0.5 

1803 

29. 8 

72.; 

so- 8 

-3.6 

+  1.9 

1847 

27,7 

71.4 

49.4 

+0.7 

IS03 

29-3 

72.7 

SO' 7 

+  1.7 

27.1 

71,0 

49.0 

+0-3 

.804 

28. 3 

72.5 

50.6 

+1.7 

1S49 

27.1 

48.7 

IS05 

28.2 

72-3 

So-S 

6 

+1-5 

1850 

28.4 

JO' 3 

48.7 

—0.4 

0.2 

i8d6 

71.8 

50.1 

+  1.2 

1S51 

29.1 

70.0 

48.9 

-1.9 

—0.7 

'l°l 

28.4 

71.2 

49.8 

5 

+O.S 

1852 

28.7 

69.8 

49-1 

-1-5 

+0:' 

1808 

27.9 

l°-l 

49' 7 

-0.7 

4 

+0.8 

1853 

70.0 

49-2 

-1.4 

—0.7 

+0.= 

.809 

27.7 

69.6 

49' 7 

+0.7 

i8S4 

27-9 

70.4 

49-1 

-0.7 

—0.3 

+0.2 

i3io 

27-8 

69.4 

49- S 

-0.6 

3; 

ho.  6 

>85S 

70.4 

48.5 

— o-S 

27.2 

in 

49-1 

+0.1 

.856 

U.6 

69.8 

47-9 

—2.6 

-0.9 

1S13 

26.2 

69.8 

48.5 

9 

1857 

25.5 

69.1 

47'7 

—1-7 

—1.6 

—1.3 

18.3 

25 -9 

70.2 

43-3 

—  '■3 

S 

-0.7 

1858 

27.4 

68.7 

47-9 

1814 

25-8 

70.0 

48.2 

—1.4 

7 

-0.7 

1S59 

28.1 

68.7 

48-3 

-0.9 

—0.7 

1815 

69.0 

47.6 

—1.8 

7 

i860 

zS.i 

69.4 

48.8 

—  '-3 

1S16 

24-5 

68,3 

47.0 

—2.7 

4 

-!■< 

1861 

z8.i 

70.4 

49-3 

-0.9 

—0.3 

--0.3 

24-0 

68.5 

46.  S 

—3-2 

1S62 

28.5 

71-6 

49.6 

-1-3 

+0.9 

--0.7 

181S 

^5-' 

69.4 

47.3 

3 

-lie 

.863 

28.9 

72- S 

49-7 

-1-7 

+  1.8 

-.0.7 

1S19 

26.8 

70.2 

47-9 

—Ou 

S 

1864 

(28.5) 

(72.7) 

(49.7) 

-'■3 

--O.S 

1821 

27.0 

70-3 

48.1 
48.2 

4 

— 0.) 

25-9 

70.2 

—1.3 

S 

1822 

^5-7 

7C.2 

48.5 

— '■! 

S 

-0-3 

Mean 

1S23 

27.0 

70s 

49.1 

2+o.r 

of  85 

70.69 

48.93 

1824 

28.7 

71-0 

49.5 

+  I.S 

+0  3J+0.7 
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Differences  fiom 

Differences  from 

»(J.«r.) 

i(J.&A.) 

A{J-toD.) 

Mean. 

i(J.&F.) 

HJ.&A.) 

MJ-^o-D.) 

Mean. 

"I 

2 

S 

4th  order. 

4th  order. 

4tb  order. 

iTi 

Year. 

4tli  order. 

4th  order. 

4lh  order. 

aiiii 

Year 

Feb. 

Aug. 

Feb. 

Aug 

ISI9 

^=              " 

(75%) 

C53°7) 

+  I0 

-M°5 

1847 

33°^; 

70.9 

S2°5 

+0.9 

_i° 

4-0° 

IS2Q 

(34-8) 

74.5 

53-1 

4-2.1 

+2.3 

4-0.9 

1848 

33-3 

70 

7 

52.1 

6 

1S2I 

32.0 

74.1 

52.8 

-0.7 

4-1.9 

4-0.6 

1849 

33-2 

71 

3 

52.1 

5 

^0.91—0, 

1822 

31.0 

73-5 

52.8 

—1-7 

+'.3 

.0.6 

1850 

33-4 

72 

52. 1 

7 

-o. 

1823 

32.0 

72.9 

52.8 

4-0.7 

-0.6 

1851 

34- r 

71 

9 

52-2 

—0.3     o.c 

IS24 

(34-3) 

(72-9) 

(53-2) 

+1:6 

4-0.7 

182 

33-2 

71 

9 

52-4 

5 

^.3+0. 

1825 

(35-3) 

(73-2) 

(54-0 

+2.6 

4-1.0 

I8S3 

32.3 

72 

6 

52.6 

4-0.4  4-0. 

1826 

35-2 

73-3 

54-4 

+2.5 

4-1. 1 

1854 

32.0 

73 

7 

52-9 

7 

4-1- 

4-0. 

36.0 

73-2 

54-3 

+3-3 

18SS 

29.4 

74 

52.2 

— ; 

3 

4-1- 

1828 

36.0 

72.8 

54-3 

+3-3 

J8S6 

27.8 

73 

5 

51-3 

9 

4-1.31-0. 

1829 

33-8 

72.6 

53-6 

4-1.. 

4-0.4 

29.6 

73 

51-4 

— ; 

4-0.9-0. 

■  830 

31.Z 

72.3 

52.9 

— i-S 

-0.7 

32.6 

72 

9 

52.2 

4-0. 

o.o| 

.83. 

30.3 

71.6 

52.3 

—1.9 

— o!6 

1859 

34-0 

72 

5 

52-7 

4-' 

3 

4-0. 

4-0. 

■  832 

32-4 

52.4 

— 0-3 

i860 

34.4 

71 

7 

52,6 

7 

4-0.4I 

.833 

33-9 

I'l'.l 

52-7 

4-1.2 

—0.6 

1861 

34-S 

7' 

= 

52.4 

9 

4-0. 

1834 

33-1 

71.7 

52.3 

+0.4 

-0.5 

1862 

34-5 

7' 

5 

52. 1 

8 

1835 

31.0 

7i.o 

—1-7 

—1.2 

1863 

33-3 

72 

SI.7 

6 

1836 

29.  S 

70.  S 

50.  S 

—1.4 

1864 

31.1 

72 

51.4 

6 

-o.a 

1S37 

29.9 

5°-9 

1865 

71 

I 

51.2 

—3 

-l.cl 

1S3S 

30.8 

72.6 

—1.9 

4-0.4 

1866 

29.2 

70 

8 

50.9 

—3 

5 

-<A 

1S39 

33.2 

72.0 

51.8 

-0.5 

'Itl 

29.3 

71 

5 

50.5 

-3 

1840 

33-0 

52.1 

--0.3 

186S 

30.4 

72 

50-5 

3 

4-0. 

18,1 

33.6 

70.6 

52.1 

4-0.9 

—1.6 

1869 

(32.6) 

(72 

8) 

(50.7) 

4-0. 

1842 
■843 

34-8 
35-2 

70.5 

51-S 
51.8 

4-2.5 

—1.7 

~^1 

1844 

34' 9 

v'.t 

52.1 

Mean 

■845 

34.5 

72.1 

52.6 

4-0.4 

of  49 

32.57 

72.19 

52.24 

1S46 

33-9 

71.7 

--1.2 

-0.5 

4-0.6 

years 

M 

/■s,— Values  !n  parenthc;:! 

are  imj^er 

.ct. 

If  we  examine,  by  means  of  the  successive  signs  of  the  tabular  differences, 
■whether  or  not  a  cold  winter  is  followed  by  a  cold  summer,  and  whether  the  average 
temperature  of  the  year  is  below  or  above  the  normal,  we  find,  from  the  New  Haven 
series,  by  comparisons  of  the  signs  for  the  cold  months  with  those  for  the  year, 
the  following  results :  an  accord,  a  -|-  sign  being  followed  by  a  -^  sign,  or  a  —  sign 
by  a  —  sign,  in  64  cases;  and  a  discord,  a  -\-  sign  being  followed  by  a  ■ — •  sign,  or 
the  reverse,  in  18  cases;  there  are  3  indifferent  cases,  one  of  the  differences  being 
zero ;  in  all,  85  cases.  Comparing  the  signs  of  the  warmest  months  with  those  of 
the  year,  we  find  61  accords,  19  discords,  and  5  indifferent  cases;  and  comparing 
directly  the  coldest  and  warmest  months  there  are  50  accords,  31  discords,  and  4 
indifferent  cases.  Altogether  strongly  favoring  the  conclusion  that  the  changes 
which  constitute  the  secular  variation  are  generally  exhibited  in  winter  as  well  as 
in  summer;  in  other  words,  the  causes  of  these  variations  are  alike,  active  at  all 
seasons  of  t!ie  year.  In  the  case  of  Marietta,  we  have  likewise  for  winter  and  year 
30  accords,  17  contradictions,  and  3  neutral  cases;  for  summer  and  year  32  accords, 
15  contradictions,  and  4  neutral  cases,  and  for  winter  and  summer  19  accords,  30 
contradictions,  and  1  neutral  case.  Here  the  evidence  is  somewhat  weaker,  pro- 
bably owing  to  the  greater  number  and  shorter  secular  undulations,  due  to  the  more 
western  position  of  tlic  station. 
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Abbei-ille,  S.  C,  76 
Abbltibbe,  Brit.  No.  Amer. 
AbiBgtou,  Pa.,  70,  284 
Abiqniii,  N.  M.,  d4 
Aoodamus,  P.  H.,  MIrs 
Adirondack,  N,  Y.,  54 
Afton,  Minn.,  44,  2ti2 
"lultaral  College,  Md., 


49 


C,  7' 


1,256 


Alabama,  8,  9,  112,  122,  135,  150, 
154,  155,  158,  204,  205,  233 

Alaska,  10,  11,  109,  113,  122,  134, 
138,  141,  142,  184,  155,  157,  162, 
1G3,  171,  176.  177,  181,  182,  202, 
201,  205,  236,  227,  234 

Albany,  N.  Y.,  54,  190,  199,  216,  269 

Albany  (near),  Oreg.,  70 


Alblo 


,  111.,  S 


Albiou,  S.  Y.,  54 

Albion  Mines,  N.  S.,  6, 171,  184, 

Albuquarqae,  N.  M.,  54, 109,  161, 162, 

216,  236,  268 
AloaCraz  Island,   Cal.,   12,   206,  227, 

235,  305 
AUeghauy  Arsenal,  Pa.,  70,  220,  284 
Alleghany  City,  Pa.,  70 
Alleghany  Tunnel,  Pa.,  70 
Alesaudor,  N,  Y.,  54 
Alexandria,  Minn.,  44 
Alexandria,  Tuun.,  78 
Alexandria,  Va.,  84,  222,  295 
Alfred,  H.  Y.,  54 
Algoua,  Iow.1,  23,  310,  248 
"      la,  Iowa  (10  miles  S.W,  of),  38, 


I,  Mo.,  48,  214,  2G3 


348 
Allentoi 

Alligator,  Fla.,  2 
All  Bainta,  8.  C,  76,  ^90 
Alto,  III,,  22.  244 
Alton,  III.,  22 
Altoona,  Pa.,  70 
Amenla,  N,  Y.,  54,  269 
Ainaa,  Iowa  (6  miies  N.  of),  28 
Amherst,  Mass.,  38,  113, 133, 131,138, 

146,154,155,158,213,257 
Anahuao,  Tes.,  78 
Anoaster,  Ontario,  8 
Andalnaia,  III.,  22.  244 
AndoTer,  Mass.,  38,  257 
Angelica,  K.  Y.,  54,  269 
Angel  Island,  Cal.,  13,  20G,  335,  305 
Annapolis,  Ind.,  26 
Annapolia,  Md.,  38,  212,  253 
Ann  Arbor,  Mich.,  43,  260 
Auoiua,  Ini.,  29 
Antigna,  Carib.  Isl.,  94,  300 
Antisana,  Equador,  98 
Apalaohian  range,  105 
Appleton,  Wise.,  88,  298 
Aquidneaet,  R.  I.,  76 
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larity in  the  epooli  of  the, 
199 


Bay  of   8au  Franoisco  temperature, 

106 
Bessel's  periodic  function,  153,  154, 


California,  Gulf  of,  105 

western  part,  103 
Casoaiie  Range,  105 
Canse  of  extreme  heat  at  Fort  Simp- 

11,226 
Clianges  exhibited  in  winter  as  well 

nn  pe 


Area  of  the  U.  S.  conTeniently  divided 

into  tnro  parts,  104 
Arrangement  of  tables  of  mean 

Arreat  of  inoreflsing  temperature  in 

May,  supposed,  193 
Atlantic,  effect  of  yioinlty  of,  on  yearly 

average,  105 
Atlaatio  sea-board,  105 
Atmoepherio    diaturbanees,    eastern 

prc^ression  of,  193 
Authorities  for  geographical  position! 

si,  sii 
Average  of  hourly  observations  equals 

the  daily  average,  113 
Average  temperature  above  or  below 

the  normal,  320 


Coldest  and  warmest  period  of  day 

San  Franoisoo,  158,  IGO 
Coldest  plane  in  the  U.  8.  in  , 

106 
Coldest  region,  where,  105 
Colorado  Riser,  temperatnrei 
Columbia  River,  temperatur 
Comparison  of  the  secular  ' 

of  the  temperatiiiB   mm 
the  variations  in  the  fre- 
quency of  the  solar  spots, 
314,  315 
in  the  temperature  and  the 

rain-fall,  31D,  318 
in  the  temperature  with  tht 
average  annual  direotiot 
of  the  wind,  313,317 


CompBriaoQ,  process  to  facilitate,  194 
series    of   temperature   for    the 
purpose  of,  193 
Connection  between  the  secular  va- 
riation  of  temperature   and  rain- 
fall, 316 

)nstant  reduction,  305 
Correction  tables,  kIv,  sv 
Corrections,  302,  303,  304,  305 
required,  169 

to  the  mean  temperature  may  be 
derived  from  hourly  observa- 
tions at  Albuquerque,   N.  M., 
161,  162 
Cosmioal  nature,  disturbing  inHuence 


y  fluctuation,  perceptible  eves  in 
mid-winter  in  the  Arctic 

hourly    observations     suffi- 
cient for  investigation  of. 


I',  109 

in  the  Atctic  regions  in  mid- 
small,  109 

collection  of  monthly  vsilaesi 
for,  the  results  of  observa- 
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between  the   secular  variation  in 
temperature  aud  rain-rail,  316 
Difference  In  the  mean  monthly  tem- 
perature, correction  reqnirecl,  1S9 
Difference   of   mean   values   in   the 

winter  season,  193 
Difference  of  temperatare  for  a  few 
selected   plaoHS    in    New   Mexico, 
Texas,  Arizona,  and  California,  at 
certain  hours,  161 
Differences,  application  of  tables  of 
hourly,  110 
benefit   derived   from   tables   of 

hourly,  110 
of  bi-honrly,  hourly,  and  semi- 
hoarly     mean      temperatures 
from  the   mean   of    the   day, 
tables  of,  137-152 
signs  employed  in  the  tables  of, 
lU 
Different  methods  of  exhibiting  the 
anunal  Huctuatiou  of  the  tempera- 
ture, 169 
Diamat      auctuations,      systematic 

comparldon,  153 
Dryness  of  air  at  elevated  regions, 
and  couBeqaeiice  thereof,  16(1 


Eastern   progression  of  atmoapli 
disturbances,  193 
tendency  of  the  normal  state  of 
weather,  193 
Effect  of  Golf  stream,  lOB 
Elevation,  effeot  of,  on  temperati 
104 


the,  II 

of  occarraoce  of  annual  mean 
temperature  shifting  in 
different  longitndes,  182 
canse  ot  shifting,  182 
presenting  fair  estimate  of 
annual  m^an  temperature 
of  a  place,  182 

I103,  ISI 


Error   in  computing   time  tjlbles  of 
sunrise  and  sunset,  caused  by  the 
small  variation  in  the  sun's  decli- 
nation, of  little  moment,  113 
Eaamination  of  the  larger  series  of 
places  in  the  United  States  desira- 
ble, 200 
Esoeptionally  depressed  heat  in  Janu- 
ary, 226 
Exceptionally  warm  period,  311 
Excess  of   exceptionally  high   tem- 
peratures, 226 
Excessive   large  daily  range  uniioe- 
able   in   the  great  interior   ba^iu 
(Fremont  Basin),  161 
Explanation  of  eharts,  103 
Explanations   and    remarks   on    the 
consolidated    tables    of    resulting 
mean  temperatures,  si-xv 
Extension  of  meteorological  observa- 
tions wilt  reveal  new  features,  158 
Extreme  heat  at  Fort  Simpson,  236 
range  for  each  mouth  separately 

investigated,  227 
ranges  of  temperature,  227 
variations  of  teniperatore  from 
the  normal  values,  202 
Extremes  do  not  take  place  at  the 
honrs  of  observation,  IHl 
ot  dally  fluctaation  in  December 
and  June,  159 
represented     by    diagrams, 
169,  160 
of   heat   and  oold   observed   in 
Albany,  N.  Y.,  on   the   same 
day,  199 
of  temperature  in  the  great  in- 
terior   basin    of    the    United 
States,  162 

Fahrenheit's  scale  employed  in  tabu- 
Florida, 'l  05 

Flnctnation,  annual  and  daily,  com- 
pared, 110 
apparently  irregular,  in  the  an- 
nual means,  302 
Fluctuations,   con-ectious  to  be   ap- 
plied, 110 
coiTections   when    greatest  and 

when  least,  110 
observed  in  certain  localitieg  are 
united  into  a  mean,  15S 
Freezing  point  of  water  in  July,  227 

Galveston,   Texas,  record  completed 

by  interpolations,  158 
Oeograpliical  distribution  of  extreme 

oold,  326,  227 
Geographical    positions,    authoritie.s 


I,  106 


for,  !  , 
Gila  river  temperati 
Graphic  ifiethod,  value  of. 
Graphical  representation  of  the  tabu- 
lar numbers,  193 
Greatest  constancy  of  temperature  in 
summer,  163 
in  winter,  163 
Greatest  df  pression  in  tlie  daily  iluc- 
luation  of  temperature  in 
the  Arotio  regions,  156 
in  the  temperate  zone,  156 
Greatest  heat  of  day,  time  of,  in  high 
latitudes,  156 
time  of,  in  low  latitudes,  156 
Great   lakes,   influence   of,  on   tem- 
perature, 105 
Guir  stream,  effect  of,  105 


Eeat,   accumulation    of 
valleys    than    in 
most  apparent  in  the  s 
season,  106 
cause  of  aocumnlatlou  of  heat  in 

valleys,  100 
distribution  of,  irregular,  in  the 
western  part  cf  the  U.  S., 
105 
normal,  in  the  eastern  part 
of  the  U.  8.,  105 
progress  of  waves  of,  109 
time  of  daily  range  of,  16S 
time  of  greatest,  least,  and  aver- 
age, of  the  day,  155,  166,  157 
transfer    from    more    Bootheru 

regions,  109 . 
yeai'ly  averajie,  155 
Heated    plains  of   Columbia    River, 

106 
Heated  regions   along  the   Colorado 
and  Gila  Rivers,  the  lower  valley 
of  the  Rio  Grande,  Hudson  valli^y, 
St.  Lawrence  valley,  106 
High  extremes  in  all  months,  places 

showing,  226 
High  heal  in  January,  226 
Honily  observations  desirable   from 
Albuquerque,  N.  M.,  161 
from    San   Fianoisoo,   Cal., 
158,  160 
Hourly  temperature  at  Mohswk,K.Y., 
162 
at  Philadelphia,  Fa.,  162 
Hours    of    observations,    xii,    xiii ; 
adopted  by  the  Meteorol.  Society  in 
Manheim,  Germany,  110 ;    at   the 
military  posts  of  the  D-  S.,  Ill; 
by    the    Smithsonian    Institntion 
and  the  U.  8.  Patent  Office,  111; 
by  the  Royal  Society,  111;  differ- 
ence of  t.emperatnre  at  oertain,  161 ; 
difference  of  result  of  meteor,  ob- 
servations obtained  when  taken  at 
different,  110 ;  improvement  on,  HI 
Hottest  region  in  the  0.  S.,  106 
Hypsometric     chart,    roughly    con- 


chart  of  the  U.  S.,  want  of,  seri- 
ously felt,  103 
requirements  of  a  good,  lt)3 


Incomplele  monthly  means,  correc- 
tion in  case  of,  173 
Inequality  In  the  epoch  of  the  annual 
fiuctuationof  the  temperature, 
199 
of  the  pn^ressive  march  of  tem- 
perature, results  of  examina- 
tion of,  200,  201 
Insolation,  increasing,  ISI 
Inteirnptione    in    the   regularity  of 

annual  fluctuation,  apparent,  183 
Investigations  in  the  apparent  inter- 
ruption in  the  regularity  of  annual 
fluotuations  attended  by  great  la- 
bor, 183 
Irregularities,  accidental  and  minor, 


Isotherals, 


r,  104 


referring   t 


the 


Isotheimal  charts,  explanation  of,  103 
how  constructed,  104 
indications  reviewed,  104 
curves,  connection  of,  with  hyp- 
fealures,  105 
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Isothermal  of  440  depending  on  the 
direotious  of  the  Rooky  Moan- 
talus,  the  Cascade  range  and 
the  Sierra  Nevada,  106 
of  5 2<^  depending  on  the  direction 
of  the  Appalaehlau  range,  105 

Isothermals,  cai-va  eaunot  abruptly 

our?ea  for  the  yearly  distrlbntion 
more  troublesome  than  tliose 
for  either  of  the  other  cliarts, 
103 

ourres  referring  to  the  yearly 
period,  104 

not  reducbd  to  the  sea-level,  and 
reason  why,  104 


Joaquin  valley  temperatui 


,  106 


Law  of  the   annual   distribution   of 
temperature,  seettlar  inequality  in 
the,  199 
Least  annnal  extreme  range,  227 
Length  of  normal  mouth,  lii9 
Lewis,  Dr.  JameB,  inventor  of  ther- 
mograph, 110 
Local  variation  of  annual  mear 

Magnitude   of   the   monthly  <: 


302 


u  temperature,  dates  (or  the, 

Maximum  variability  in  summer,  163 

Mean  annnal  temperature  applied  to 

measure     the     rigor     of 

olimate,  182 

objeut  of  tabulation  of,  238 

tables  of,  238-301 

Mean  annual  temperatures,  esplaua- 

tion  of  tables  of,  228,  229 

isolidated,  312, 


tabli 


Mean  t< 


313 

Mean  daily  temperature   subject  to 
less  variations  with  respect  to  lati- 
tude than  the  daily  extremes,  157 
Mean  length  of  February,  1S9 
of  the  year,  IS9 
mperature,  oharaolor  of  secu- 
lar variation  in,  310,  311 
for  each  year,  303 
for    the   month   or    normal 
length,  to   compute,  169, 
170 
Mr.  E.  L.  de  Forest's  method 

of  nnding  the,  170 
of  every  day  derived  from 
Bessel's  periodic  func- 
tion for  New  Uaven, 
Conueotlont,  196 
for  Toronto,  Canada,  19B 
of   the   year,   correction   to 
the,  171,  172 
epoch  when  reached,  180 
tables  of,  for  each   mouth, 
seanon,  and   the  year  at 


of,  I 


n  the  c< 


stations,   print 
North  Amerio 


Mean  value  of  the  year,  epochs  of,  181 

Mean    values     applicable    to    most 

localities    In    the   IT.    S.,   between 

latitudes  30°  and  4SO,  and  east  of 

the  Mississippi,  112 


Measure  of  irregularities,  197 
Meridian,  100th,  104 
Meteorological  observations  at  Wil- 
liamstown,   results    coiii- 
muuicated    to    Secretary 
Calhoun,  110 
difference  of  results  obtained 
when   taken   at  different 
hours,  110 
hours  adopted  at  the  mili- 
tary posts  of  the  U.  S.  for, 
111 
hours  adopted  by  the  Hoyal 

Society  for.  111 
hours  adopted  by  the  Smith- 
sonian Institution  and  U. 
8.  Patent  Office  for.  111 
Impravement  on  hours  for, 

111 
system  establii^hed  by   the 
Surgeon -General    of    the 
U.  8.,  Ill 
time  changed,  but  re-estab- 
lished   at    the    military 
posts  of  the  C,  8.,  Ill 
Meteorological     Society,     Manheim , 

Germany,  hours  adopted  by,  110 
Meteorological   stations,  increase  of, 
best    means    of   ascertaining    the 
separate    effects   on.  the    climate, 
104 
Method  of  ascertaining  the  irregular 

variations  of  temperatDre,  162 
Midsummer  extreme,  181 
Midwinter  extreme,  181 
Minima,    secular    — '" 

annual,  319 
Minimum   and  maxininm    range   of 
temperature     in    San     Francisco, 
158 
Minimum  temperatures,  dates  for  the, 

181 
Minnesota,  cold  region,  105 
Mississippi,  stations  east  of  the,  104 

stations  west  of  the,  104 
Monthly,  absolute,  range,  227 

and  annual  extremes,  discussion 

of,  167,  169 
correction,   regular    progression 

of,  171 
means  of  the  range  of  the  daily 
fluctuation,  157'^ 

Normals,  new  set  of,  prepared,  199 
Normals  of  temperature  made  out  by 

General  Babine,  194 
North  Carolina,  105 
November,  rapid  decline  of  tempera- 


Observations,  times  of,  x 


105 

Pacific  Ocean,  direct  influence  of,  on 
climate   of    tiie   Western 
States,  105 
Inflnence     heightened     by 
presence   of  cool   cnrrent 
running  south,  105 
Period  of  irregularity,  193 
Periods  of  apparent  interruptions  in 
the  regularity  of  annual  lluo- 

of  irregulai'itiea  of  different  series 
examined,  193 
Permanent    change   of    climate    not 
perceivable,  311 


Probable  error  of  an  observed  tem- 
perature at  any  hour  of 
the  day,  164 
of  the  monthly  mean  tem- 
perature for  any  hoar  of 
the  day  at  variotts  places, 
163 
Probable  variability  of  the  nmnthly 
meaus    of    temperature,   Toroiito, 
Canada,  162,  163 
Progression  of  unusual  thermal  dis- 
turbance, eastern,  193 

Radiation,  decreasing,  181 
Rain-Ml,  317 

comparison  of  the  secular  varia- 
tion in   the  temperature  and 
the,  315,  316 
remained  permanent  in  amount 

and  distribution   311 
secular  variation  in  the   315 
Kainy  season  in  Florida   105 
Rapid  rise  of  temp  lature  in  Fohiu 

ary,  193 

Ratio  between  the  fluctuation  of  tl  e 

mean  temperatuie  of  inv  day  in 

midwinter  and  midsummer  19S 

Ratio  of  the  highest  to  tie  louest 

range   within    the    limils   of    the 

United  States,  227 

Red  Lake,  Minn^soti  low  elevations, 

105 
Reduction,  no  precise  data  for  such, 

104 
Regularity  of  auuual  fluctuation  ap- 
parently interrupted,  183 
Regularity  of  progression  of  the  tabu- 
lar numbers  for  Mohawk,  164 
Regular    progression   in   the   yearly 
period   of    the    monthly   absolute 
range,  228 
Remarkably  cold  epooh,  311 
Remarks    and   explanations   on   the 
consolidated    tables    of    resulting 
mean  temperatures,  xi-xv 
Requirements  of  investigations  of  the 
apparent  interruptions   in  the 
regularity  of  annnal  fluctua- 
tions, 183 
fluctuation,  tables  of,  195,196,197 
Result  of  examination  into  the  sus- 
pected periods  of  irregularity,  193 
Results,  combination  of,  302 

of  examination,  if  the  epoch  of 
maximum  annual  heat  is  ac- 
companied by  a  coire^pouding 
movement,  201 
of  tables  from  the  basis  of  the 
charts,  103 
Rocky  Mountains,  105,  106 
Rules  for  complete  quadriennia,  169 

Sacramento  valley  temperature,  106 

Secular  inequality  in  Ihe  law  of  the 

annual  distiibution  of  temperature, 
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319 


n  temperatur 
in  the  temperature,  317 
investigation  of,  302-320 
of   temperature,   discnasion 

of,  167,  169 
of     temperature,      stations 

selected  for  investigation 

of,  302 


Hosted  by 


Google 


Hosted  by 


Google 


